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Preface 


This coIlecQon of essays has been prepared to mark the fifoeth 
anmvetsary of the establishmem in the Unnetsity of Bnstol of a 
separate Department of Geography, an event which occurred m 1925 
All the contributors are, or have been, full time teaching members of 
the Department during the period of Ronald Peel’s Headship The 
essays arc grouped under major theme headings, but it will be apparent 
that withm this framework several could have been classified in more 
than one ivay Common to all the essays, however, is an emphasis on 
the processes that mould the surface of the Earth and its man-made 
environments, whether these processes can be directly observed and 
measured, or can only be exammed b> indirect and infcrentul means A 
feature that also recurs is the modelling of these processes, whether in 
riotous mathetnaocal terms, or by me construction of conceptual 
frameworks for analysis 

In the pnmary division of the essays into those dealing with natural 
phenomena and those concerned with human creations, the reader will 
noQce that two subjects receive particular attention In the former, 
aspects of hydrology inspire many of the essays, rangmg from 
atmospheric precipitation, through the modelling of surface and 
su\«UTface hydrological systems, to the action of water m shaping 
landscapes By contrast, the authors dealing with human affairs evmce a 
strong concern with political deosion makmg in its wdest sense, and its 
effects on various aspects of social and economic geograph) These 
emphases reflect some of the mam research interests of the Depart 
ment over the period in question but the varied approaches and 
conclusions are those of the mdmdual authors There has been no 
mtcntion to offer any disonctivc Bristol new’ of geography Should 
such exist we leave it to be discovered by out reviewers and critics 
It remains for us as Editors to thank our colleagues, past and present, 
for giving so generously of their time and ideas to preparation of 
the essays that follow All cither repon original unpublished research, 
or present re\ icws of recent developments m their respective fields 

Bnstol November 1974 Ronald Peel 

Michael Giisholm 
Peter Haggctt 
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Bristol and its Region 



Chapter 1 


The Changing Role of 
Bristol in the Development 
of the South West 

Allan Frey 
Frank Walker 


The recent publication of A Strategic Sftilentfnt Pattrm /or ti>e Soutb 
West (South West Economic Planning Council, 1974) reveals many of 
the difficulties faang regional planning m Britain today Its authors 
recognise that ‘the south west ts in no way a fully integrated region in 
physical and economic planning terms (and that] because there are no 
strong connections between the mam parts of the region the option is 
not open for a regional strategy which might seek to divert growth from 
one area [in the South WesrJ in order to secure better economic 
opportunities in another South Western area of greater need’ (p 20) 

The study team recognise at least three areas of penistenc and 
vigorous growth in that part of the SW region which adjoms trunk 
England Therefore, what they say m effect is that the spread effect 
from these growth centres cannot be relied on to invigorate the less 
prosperous parts of the South West, and that help for these trailing 
parts of the region’s economy must come from outside the region and 
be subsidised by the nation The designation of Comivali and West 
Devon as cither Development or Intermediate areas demonstrates that 
the government shares view that prospenty will not spontaneously 
spread there from the high enterpnse corridor running from Gloucester 
via Bristol to Exeter This maj not reflect disbelief in spread effects per 
se so much as doubts about their ability to penetrate long distances, 
especially westwards into an attenuaang and progressively isolated 
peninsula 

It IS the purpose of this essay to examine the changing nature of 
growth m the Bnstol/Severnside region, for long the leading subregion 
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of the South \Vcst and, in paRicular, to consider what significance this 
may have for a style of r^onal planning which aims to see the benefits 
of growth more widely di^buti^ around the South West. 


The historical perspeca\ e 

It IS remarkable how stable o\ct time has remained the rcIaDve balance 
of prospenty bcn\een the constituent sub-regions of the South West 
The strong influence of geographical position and resource endowment 
must ha^ played an important part m this stability As the largest aty, 
Bristol has consistently been the most significant growth node within 
the South West, capable both of attracting a reasosible share of the 
nation’s prospent) and of diffusing it to a substantul hinterland 
However, the cit} has been more than just the dominant node and 
surely qualifies for Richardson's (1973a> designation as a locational 
constant’, an essential mgredicnt of economic growth It is easy to see 
why Bristol should have early developed as a locanonal constant Given 
the relatively small sue of Bntam and the difficulty of overland 
transport, sea borne trade favovited the growth of towms with coastal 
sites At the same tune, the hi^ agncultural fertiLty of trunk lowland 
England made it Ukely that major ports and aties would develop on the 
few large estuanes giving water access deep into that trunk. Searchu^ 
for such a ate on the Bnstoi Channel/Sevem Estuary, attention would 
eonvenoonaU) be directed at Gloucester, situated at the lowest 
effective aossuig point and at the furthest estuanal penetranon mto 
the trunk. But nav^tion of the convolute Severn becomes treacherous 
long before Gloucester is readied, so a compromise site is necessary 
lower down the estuary The south bank long formed a more 
prosperous bmterland than the Welsh north bank but the huge tidal 
range of the Bnsiol Channel means that ail important settlements arc 
found on the larger tributary streams The precise site, upstream from 
the Avon Gorge, on which the small settlement of Bnstoi was imQally 
established was largely determined by local circumstances whidi havT 
already been documented by Jones (1946) but the towTi’s rapid growth 
in importance after the eleventh century must be attributed in 
considerable measure to die fact that it lies on the first major south 
bank tributary downstream from Gloucester 
Bnstoi grew (Table 1 1) as a port-oty serving from the west the axis 
of highest populaoon density which ran cast-west aaoss southern 
England (Darby, 1936) until the industrial revolution caused a 
fundamental reonentaaon of this hi^ activ ity axis Access to foreign as 
well as coastwise trade was a powerful stimulant to growth long ago 
recognised by Malthus One of die greatest benefits which foreign 
commerce confers and the reason why it has always appeared an 
almost necessary ingredient in the progress of wealth, is its tendency to 
inspire new wants, to form new tastes and to furnish motives for 
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TABLE 1 1 

The appTOXimatt populatton of the Bristol urban area 


Year 

Population 

(000) 

Year 

Population 

(000) 

1J77 

10 

1801 

68 

1S44 

11 

1821 

98 

1607 

11 

1841 

143 

1642 

14-15 

1861 

176 

1671/2 

25-27 

1881 

242 

1700 

27 

1901 

369 

1720 

46 

1921 

412 

1740 

46 

1931 

435 

1760 

55 

1951 

496 

1780 

54 

1971 

520 

1800 

62 




Sourcti UttIe(l9S'tl fordiwto t84l 

Censtmt <3/ PapaUaoa tcchtor figures- 


mdusny' (Malthus, 1836) Richardson(l973a)u5dudesaregion’sabjlity 
to attract mobile resources from elsewhere as one of the qualifications 
for growth, so that the considerable vanery of imponed materuls 
which entered Bristol allovsed the development of a wide range of often 
mtcrhnked industries The necessary financial uifrastructurc, merchant 
mg groups, nsk capital and general urban concentration economies were 
all available in Bristol from an early date 

However, the agncultural prosperity of the hinterland and the vigour 
of Bristol as 3 port merely ensured the regtoml standing of the city and 
Its tributary area In terms of export base theoiy’, to figure prominently 
m the life of the nanon, the region has to have a good export 
performance This was provided by the west country noollen industry, 
contributing an important part of the nation’s wool and cloth 
production from meduevaJ times until the nineteenth cenrury. a penod 
during which, as is widely recognised, the wool and cloth trade formed 
England’s premier manufactunngand export activity Furihermorc, this 
activity in the West Country was regionally disposed among a large 
number of settlements of varying size, so that, even though over time 
individual towns changed their rank order of importance, and even 
though London someivhar more than Bristol acted as the outlet for the 
trade, the whole region had access to the profits of the wool trade This 
condition very well reflects Misra's (1970) observation that a growth 
pole IS only possible when backed up b> an hierarchy of inira regional 
growThful centres. 

Having begun life as a network of central pUces to serve a rich 
agricultural region, settlements around Bristol dcvrloped into an 
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hisrardiy of urbanised places conmbuting greatlj to the growth of 
Bristol, England s second Qty untd the ci^teenth century To a 
considerable extent, Bristol was the servant of its region unt3 well into 
the Middle Ages so making the economic fortunes of the port and its 
hinterland heav)I> interdependent but the steady urban growth of the 
aty, wtth Its diversified trading and manufactunog functions, graduaJJj 
saw it take on the role of growth pole leading the region Strong 
parallels with the earlj developmeot of North Amencan regions and 
their aiies can be seen pamcul^ly through the most interesting models 
of Mcinig (1972), the regional analyses of Lilhwick and Paquet (1968) 
and the factor mobility stages of StOhr (1974) 

Relative immobility of the factors of production and especiallj 
of resources, labour and capital, encourages a system of dispcned 
regional markets In the nineteenth cennirj technological change gave 
these factors much greater spatial mobilft^ bur, m tiiat it led to the 
replacement of water power by coal, it substituted a fundamental]) 
new but still relatively immobile spatial pattern of industmJ production 
for the old. The effect was to decimate the Vicst Country woollen 
industry whose superfine broaddoths were eebpseti b> the fashionable 
worsteds being mass'produced m Yorkshire ()\aJker, 1972) The 
dispersed West Country industry, though it did 'dram back’ and 
concentrate m just £Ke towns during ^e nmeieenth century was 
unable effectively to compete against the scale and external economies 
of the Yorkshire mdustry and so dedmed as the economic mainstay of 
die Bristol region's economy The rconenunon of the high-actmtj 
core region of En^and to the now familiar N W — S E. coffin shape took 
dev elopmental stimulus away from the port of Bristol the basis of the 
aty’s economic life, as Liverpool began piogresswcly to take over the 
role of western gaiewaj to mink Er^land Taking more than 75 years 
to deade on a suitable form of port unprov cment did not help the aty 
and neither did the delay unol the 1880$ of the inevitable downstream 
migration of dock facilities to outportson the Severn But these can be 
s«n as symptoms of the masswe uncertainty that must have faced the 
port authonty at the tune caused by nothing less than a lunon wide 
revolution in trading patterns t%nh severe compeoQon eroding the 
revenues of the port and the woollen industry the two traditional bases 
of the local economy the archaic and moribund decision making 
apparatus of the aty fathers was quite unable to cope Robson (197 J) 
not only highlights the importance of such decision-makmg competence 
in urban giov^ but demonstrates the importance of the spaual 
position of a city m relation to major growth stimuli especially if it is to 
benefit from hierarchical and nasbbourhood diffusion of techruca) 
innovation Thus the nineteenth century brou^t an end to that phase 
of Bristol s development which had been almost entirely port 
dependent and caus^ a painful dtversificatton of the region’s mdustry 
away from woollen mirufacturuig It marked a major change of role 
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for the port-city, reverting from one which had been of high 
importance to the nation at large to a more modest role as rtgional 
capital with now a smaller, though still well diversified, export base 


Twentieth-century developments 

So well diversified were her activities at the turn of the century that 
Bristol was said to be largely immune to fluctuations in the trade cycle 
However, the average size of firms was small and such inter industry 
Imkagc as there was tended to take the form of a common dependence 
on the port The twentieth century has seen a gradual reduction m the 
numbers of firms as the successful have been able to substitute 
internal economies of scale for a dependence on urbanisation economies 
and, at the same time, progressive amalgamation and take-over of firms 
has seen ownership and/or head offices move out of Bristol 
(Wnght, 1 967) Both these trends applied to the engineering industry m 
particular as it gradually agglomerated m space and reduced m numbers 
to specialise in a much nanower range of manufactures, especially 
aerospace activities As a result of his enquiries m 1963, Bntton (1967) 
was able to remark that ‘for many industry groups mtra regional 
relations with other manufacturers are restricted in variety and 
importance', and that inter industry bnkages outside the region arc 
more important than within The input-output tableau constructed by 
Edwards and Gordon (1971) from consignment data for all Sevemside’s 
mdustnes indicated a similar conclusion about the limited extent of 
mtcrnal linkages and the Urge flows to other, mainly adjacent, regions 
With fewer and larger firms, nowadays often controlled from outside 
the region or more vulnerable to national political decisions, there has 
been a considerable loss of manufactunng fleMbility (Table I 2) 

TABLE I 2 

PfTcentage of all employen i»r the iorgnt ungle manufaetunng concern 
figures in parrntbesis sbov tbe 1971 eenius population ( 000) 

Over 30% IO~30\ Under 10% 


Keynsham (19) 

Atetksham (10) 

Dunley (21) 

Chippenham (19) 


Tcwkesbgfy (9) 

Chipping Sodbuey (4) 
Mi<tMmer Norton (7) 
Trowbridge (19) 
Street (8) 

BndgwatCT (27) 

Yeovil (26) 

FomtofDcan (54) 


Bmiol (427) 

Bath (SS> 

Gloucester (90) 

Cheltenham (74) 
Stroud (19) 

Swindon (91) 


Sources WaJkef(1972,289) 

1971 Census of Population. 
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Whilst It IS probably true that the number of closures of Bristol 
branches of firms through rationalising decisions taken elsewhere has 
been matched by those selecung their Bristol branches for expansion 
(notably RTZ), joining the EJtC fiireatens marginally located 
industries like those at Bristol somewhat more than those sited in 
England’s industrial heartland The aerospace industry, which now 
dominates Bristol's manufacturing employment, is a typ«xamp!e of 
progressive amalgamation between national companies with a 
consequent loss of local opportunities for decision-making and, at the 
same time, it has become highly vulnerable to government policies, 
contracts and decisions It is said that today one job m four in the city 
and Its surroundings i$ linked directly or indirectl) tvith aircraft 

If these trends wi the manufacturing sector cause misgiving, then it is 
as well to recognise four grounds for optimism The first arises from 
Britton’s questionnaire finding that firms invariably quoted the 
availability of labour as the most powerful attracuon of the Bristol 
region The labour supply is constantly being supplemented, not only 
by a high rate of natural increase of the population but by the highest 
rate of net inter regional m migration in the country The South West 
Planning Region showed a net gam of 20 700 persons in the 1965-<56 
sample census migration data (House, 197$, pl02) amounting to 
two fifths of the total net migraoonat gam of all British regions, 90% 
coming from the South East, the West Midlands and the North West Of 
this total net m migration, ovet one*thad was m the ovtt^O ‘tttue* 
ment’ group but this soil leaves heavy net gains to the South West m 
the 25—44 age group (accompanied by their children aged 0—14) and in 
the 45-59 group, the only region where this latter ’mature’ age group 
figures prominently Of the total number of net inter regional migrants 
m England and Wales between 1954 and 1971, almost 40% (366 000 
persons) were accountable to the South West region (South West 
Economic Planning Council, 1974, p 25) Part of this net inflow caused 
the population of the Bristol Seveniside subregion to expand by 7 3% 
(60 000 persons) m this 17^car period compared with a natural 
increase of 9% (70 000 persons) making a total expansion of 16 3% 
(130 000 persons), quite easily the largest numerical (though not 
percentage) increase m the South West region The equivalent figures 
for the whole Gloucester to Exeter comdor ivcfe expansions of 45% 
<149 000 persons) by net in migration and 52% (117 000 persons) by 
natural increase The motivation for this migration will be touched on 
later, but the result is cleat,asteaddy expanding workforce matched by 
a steady expansion m employment, though what exact relationship 
these two variables have is far from clear 

The second ground for optimism again arises from Britton’s (1967) 
work, the finding that over 76% of the manufacturing labour force of 
the region is employed m mdustnes that apparently are prosperous as 
demonstrated by employment expansion greater than the average for 
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the nauon Some caution is necessary because of the crudity of the 
index and also because his data were collected during an expansive 
phase of the aerospace industry but the general grovvthfulness of 
Bristol Sevcmside’s industry is not in doubt, even to the extent that a 
possible cancellation of a major aerospace project vv’ould not, it is 
thought, give nse to more than shorter term unemployment 

Thirdly, engineering industries, at (kst associated with wool and 
agriculture in settlements throughout the Bristol region, diversified 
during the nineteenth century and so took over from wool the role of 
dispersed yet important employers of the region’s industnal workforce 
Inevitably, there was some polarisation of rfiis dispersed mdustry' into 
Bristol, the paper making and boot and shoe mdustnes providing good 
examples, but even today the relatively dense distribution of towns 
within the Bristol region and their extensive manufacturing acQvity is 
notable as Table 1,2 indicates Moreover, the region has accumulated an 
impressive array of high technology industry in fields like electronics 
and plastics, activities which are expanding ones for the future 

A fourth and major basis for optimism is to recognise that the part 
played by manufacturing m Bristol’s total role has been progressively 
declining over the past half-century as the proportion employed in the 
tertiary sector has risen to something like two thirds Bristol has shared 
m the nation’s growth of the service trades and, because this is 
essentially an urban phenomenon, has polarised service provision to a 
Urge west country huitetland In the last five years however, Bristol has 
been accumulating not only functions which servr her own hinterland 
(which could hardly go anj’where else) but national footloose service 
activities which could go anywhere within a verj wide indifference 
zone Until the middle 1960s, such footloose activities would have 
followed the herd to London and their recent w'lllmgncss to seek 
provinaal locations marks a turning point in the balance of location 
factors which promises well for regional policies so often only 
successful when they reinforce rather than try to create trends 


The development of tertiary mdustnes 

As IS well known, government regional policies m the post war penod 
have been preoccupied with causing expanding trunufactunng 
industries to relocate, or establish new branches, m the assisted areas 
Despite periods when this direction of industry was not very forcefull) 
applied, and also takmg into account that there had to be exceptional 
occasions when firms were allowed to expand in situ, these policies 
undoubtedly have had the effect of preventing manufacturing mdustnes 
from locating in the Sevemside region to anything like the extent that 
might have occurred spontaneous!) Instead the region has accumu 
lated a plethora of ternary service activities, vvhole^crs and factors, 
distnbutors. service depots, warehouses and the like, attracted b) an 
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expanding labour force and a rapidly developing motorsvay nelsvork 
E\cn the Scvernside lowlands, which represent one of the nation’s few 
remaining rescrv’cs of Urge and well placed locations suitable for basic 
industries have been invaded by these tertiary funcaons because of the 
absence of adequate planning controls 

In the developed countries of the world, it vs the growth of 
employment in the service sector, charactcnsiically housed m offices 
and including transport, distribution and public administration, that has 
been primarily responsible for the growth of metropolitan areas, 
especially in the post-war period It is not surpnsing that, with the 
decline of the agncultural and industrial workforce consequent upon 
mechanisation and automauon, the proportion of the total workforce 
m tertiary activities should increase so that, by 1961, one in five of 
England’s workers was in an office Total office employment in 
England and Wales increased by 15% between 1961 and 1966, though 
there was a strong spaoal bus m favour of London and the South East 
where 39 000 of the 41 000 in migrants in the period were office 
workers Only the pnmatc aty can provide the contact environment 
necessary to sustain those kinds of office activities heavily dependent 
on information flows These typically arc firms spatially clustered so as 
to share external economies and whose decisions are said to be of the 
‘orientation’ radicr than the ‘programmed’ type (Thomgren, 1970) 
They may well face an uncertain market because of rapid changes in 
fashion, technology or demand, or because of intense competition, or 
the need for flair and highly specialised knowledge, or other similar 
sources of unpredictability But, beouse of the lack of adequate 
controls and because an agglomerated site is always safer than a 
dispersed one in conditions of uncenainty, a vast anay of other 
lower level office functions gravitated towards the capital, so that in 
Goddard’s (1973) opinion, only one third of London’s offices have 
good reason to be there on account of their need for external 
economics. Because of the importance of such tertiary activity in 
causmg metropolitan expansion, not only is London subjected to 
excessive congestion effects but also the assisted areas, which all 
constitute rather poor contact environments, are starved of a growth 
inducing mechanism m their towns 

The E F T.A (1973) report identifies the territorial injustice caused 
by overlarge and undersized towns, and advocates poliaes which would 
lead to a more even distribution of city sizes basically by trunipulaang 
ternary, especially office, employment opportunities Manners (1974) 
uses similar arguments to advocate social cngtneermg in American cities 
by more public control over office actwines In contrast, though well 
aware of the high soaal costs m large atics, Richardson (1973b) makes 
a powerful case against interfering too strongly with an hierarchy of 
places spontaneously responsive to social and economic needs, 
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especially uhen goals are ill-defined and powers to achicsc change so 
relatively weak 

Despite some office development restrictions in London and the 
Midlands, it could hardly be said that the British government has used 
private sector office controls positively to bring help to the disadvan 
taged areas However, by decentralising 64 (WO civil service jobs from 
London since the war and crcaung 20 000 jobs in the provmces, it is 
already the case that 7 out of 10 Headquarters avil servants work 
outside London, well over half of them in the assisted areas The 
recommendations in the Hardman Report (197J) for the deccntral 
isation of a further 31 000 civil service jobs from London would have 
kept over a third of them in the South East region and sent little more 
than half to the assisted areas The Labour government’s decision of 
July 1974 goes much further in proposing that almost 90?<» of the 
dispersed posts should go to the assisted areas Hardman’s recommend 
ations were calculated on the thesis that the considerable benefit to the 
receiving locations would heavily outweigh the inevitable but limited 
damage to civil service efficiency in London The government’s much 
more sweeping decision shows Aat perhaps at last the role of service 
activities in city building is being recognised and manipulated and that 
the problems of the capital need stem measures to resolve even if cml 
service efficiency and amour propre suffer in the process So far as the 
South West region is concerned, the proposals arc nauonally msignifi 
cant but regionally most revealing Both Hardman and the government 
propose that just over 1000 DOE jobs should augment the 4725 civil 
servants already m Bristol, neither an assisted area nor a aty in need of 
growth stimulus, yet Plymoudi, which is both these thmgs and stood to 
gam 1560 jobs from Hardman gets nothing from the government’s 
decision (though the destination of 1610 Inland Revenue and 1540 
Department of Employment jobs is still to be announced) 

But It IS the spontaneous arrival in Bristol of private-sector H Q 
offices in recent years which demonstrates the attraction of the region 
and helps push the eighth city m terras of population up to fifth rank m 
terms of number of office workers (after London, Birmingham 
Manchester and Liverpool) The reason for this spillover from London 
cannot be fully identified but must include the increasing cost and 
difficulty of finding and keeping office naff in London, a growing 
realisation that ‘programming’ functions need not be located there the 
availability of premises and labour in provincul oties now large enough 
to foster an office environment without being so large as to force firms 
to internalise some of the congestion costs, the attractiveness of high 
environmental amenity, and so on By 1980 there arc likely to be 
52 000 office workers in Bristol and, if the employment multipliers arc 
as effccuve as some claim them to be, the next phase of Bnstol’s 
development as a major nauonal service centre will hav c begun 
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Migration 

Although in the past gross migration flows have been high, net flows 
from one region of the country to another have tended roughly to 
balance out so that the national scttfcmcnt pattern has changed only 
very slowly Trends revealed by recent census figures already indicate 
that net migration flows in the future might well lead to substantial 
re location of the nation’s popolauon for reasons which are not fully 
understood but which must take account of mcreasmg opportunities 
for mobility As jobs become more standardised, workers are better 
able to mdude areal preference m their locational decisions Easier 
access to more mformation has the effect of reduemg distance-induced 
unccrtamtics which arc probably the most serious banicr to longer 
distance migration The number of locationally footloose workers is 
rising and so is the minority of workers who can afford to reside at a 
greater distance from their work 

Explanation of m^raoon can be sought by cstablishingtherelation- 
ship between migration and economic structure {Cordey Hayes and 
Gleave, 1973) or by questionnauc enquiry among sampled migrants 
(Johnson, Salt and Wood, 1974) The former, usu\g 1960—61 migration 
data rearranged into flows between 20 labour market areas, found that 
high figures for net in migration (e g Southampton, Bristol, Weymouth, 
Norwich, Hull) were always the result of much higher than average 
gross in and out flows, t e high total migrationaJ acovity Tbeir 
conclusions also indicated ^at 'push' factors were of bttle consequence 
m migration compared with ‘puU' factors and that ‘puU’ could be 
assoaated with ‘intrinsic attractiveness’, a term they tentatively defined 
as a combination of employment structure, the 'differential shift' 
components of economic growth, changes m basic and service employ 
ment and changes in activity and employment rates Of these, changes 
in employment rates and in basic employment seemed to be the most 
promising Thou^ Richardson (1973b) suggests that many empirical 
studies favour employment opportunities as the key actracong force, 
Johnson et al (1974) found that only half of their sample households 
moved specifically for employment reasons, the other half moving m 
order to secure environmental improvement of some kind However, 
inter regional (and especially inter labour area) migration is generally 
long distance and the study of Hams and Clausen (1967) revealed that 
‘work reasons’ for moving became prc^resswely more important with 
increased distance moved, pcaku^ at 56 7% for moves of over 160 
kilometres Schwind (1971) came to the discouraging conclusion that, 
m the United States, the relationship between migration rates and 
factors like economic structure, social and demographic characteristics 
and personal welfare is weak and often anomalous Perhaps this is the 
fault of aggregated statisucs because towns can differ very widely in the 
kind of migrants they attract, their age, socio-economic characteristics 
and therefore mouvation (Johnson et at 1974, p 216) When con- 
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structing a mode! of regional growth Richardson (1973a) found it 
necessary to include a locational preference function to help explain 
rates of inter regional population migration though, since he gi%es prune 
importance to urbanisation and ag^omeration economies he must 
think of migranon as being basically job motivated Indeed, the extent 
to which perceived or actual job vacanaes attract migrants, or whether 
firms follow in the same direction as net migration streams in order to 
tap surplus labour, is one of the considerable unknowns of regional 
policy 


Tothe>ear2000 

^Vhen, in 1964, it seemed likelj that Bntain’s population would 
increase by 20 million to the end of the century, Uic government of the 
day commissioned feasibility studies of three estuaries (Taj side, 
Humberside and Sevemside) to see whether they could absorb a useful 
proportion of this expected 40\ increase in Britain’s population The 
lase of ebe three studies appeared m /P7J disclosing that these cstuanai 
regions \vere capable of absorbing an extra 1 million people in addition 
to the local trend growth without too heavy a stress m terms of a 
national population emergency, the estuary regions would have 
absorbed no more than one cventicth of the new popubtion Fortun- 
ately, extrapolation of more recent national population trends envisages 
an inaease by the end of the century of less ihari 7 millions, a figure 
which can be comfortably absorbed by, indeed is being sought bj , the 
two expansive cote areas, the South East and the en Midlands At the 
same time, the Sevemside Study (1971, p 19, paia 311) draws 
attention to a further 10 million persons likely to disperse from high 
density urban areas by 2001 and, though only a smaller proportion of 
these are likely to migrate over long distances, the South ^\est is likely 
to be a preferred destination for mar^ 

In view of the reduced population projections the Sevemside Srudj 
was offiaalJ) shelved but, because the region still faces growth which 
will have to be accommodated, the Stud) lives on. The major 
disappointment of the Study was caused by its brief to report whether 
lots cost development was feasible on Sev'cmsidc tviule it is perfectly 
proper for the govxmmcnt to seek to solve the runon’s problems as 
economically as possible, it is equally the duty of regional authorities to 
bid for the best bargain far that region. For example, on an already 
growing Sevemside, the Study discounted the need for aMIDA a new 
port an airpon, a twTj-basm pumped storage hydroelectric scheme, a 
rescrvoir-cunvtidil clectncin scheme with huge recreation potentul 
and so on But without such schemes the estuary u being wasted the 
two sides stav as divided as they havx always been no great water based 
recreational opportumty is created and it could be deemed pointless 
to have chosen an estuary for study in the first place except as a 
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low-protest hawn for noxious industry Howcv'cr, because of a generous 
physical endowment in terms of position and resources, Bristol and her 
region ha\e alwap made minimum demands on the national exchequer 
Even m the 1960s, when port development rarelj took place without 
heavy go\einment subsidy, Bristol had to forego container fadlities, a 
railway frcightliner dqiol, and to undertake her next major phase of 
port enlargement at Porthutj (West Dock) from privately raised capital 
One major attitude which emerged from the Sevemside Study 
survives mto the 'Strategic settlement pattern for the South \\est 
(S W E P C , 1974), the document with vvhich this essay started This is 
that development should not be allowed on an mcremcntal basis over 
the whole region but should be concentrated in the three largest nodes, 
as ‘fill m’ between Newport, Cwmbran and Pontypoo!, as new towns in 
the Gloucester— Cheltenham area, and as a huge eccentric aty 
expansion on Bristol’s N E side The Strategic Settlement Pattern 
discards the new town style of development for Gloucester— 
Cheltenham but cautiously endorses Bristol’s extension with a 
consequent restructuring of Ae Green Belt 
The Sevemside Study used conventional sicvmg lediniques to reveal 
that over half the Sevemside area t$ of high environments quality and 
the mouve behind the suggested ocpansion of the three existmg Urge 
nodes W'as to protect this environment from the intrusion that 
widespread incremental growth would hav? brou^L So once agam 
arises the welfare paradox that people like bving at low density m 
pleasant scenery but are held to have impaired it if they are allowed to do 
50 More imponant, this concentration recommendation also discounts 
the long tradiaon of a dense scatter of vigorous smaller settlements in 
Bristol s hinterland while, at the same tune, generating truly formidable 
physical planning problems in arranging for the massne expansion of 
Bristol 


Bristol s intra-urban problems 

In common with other British aucs. Bnstol has tned to retain as many 
as possible of her urban service functions m the central area, including 
the major shoppu^ area, entertainment, professional serv^ces, whole- 
salers and factors, major units of the health service and higher 
education, local and nanonai goveroment functions and offices of all 
kinds All these funcoons depend on ^equate access so that substantial 
road improvement schemes, including construction of inner and 
crater Tcng toads, have carved up Ac udoan area and at the same tunc led 
to the loss of a good deal of low cost housmg stock. Fortunately, three 
long-term changes of land use have made space available m the central 
area to absorb some of this centripetal pressure, namely the out 
nigrauon of industry to the ttadmg estates and peripheral greenfield 
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Sites, the run-down of the aty docks and their attendant rail j ards and 
warehouses, and wartime bomb damage, incredibly still not fully 
remstated But the inexorable expansion of the service sector has not 
only taken up much of this space but has occupied more land elsewhere 
m three mam w’ays Firsdy, it has expanded concentricall) into the 
housing zone often known as the decayed mner urban ring so eroding 
the stock of low pnee and rentable housmg Secondly, offices have 
been established in the fashionable Georgian town houses of Clifton 
and the Victonan houses of Redland Thirdly, but only recently, 
speculative and purpose-built office blocks have appeared in suburban 
locations, usually along the major radial roads 

Because congestiOTt has so badly reduced accessibility, some larger 
retail stores will no longer consider a central site, the wholesale 
vegetable market has moved out to Avonmouih, several applicaoons for 
major out-of town shopping preanctshave been nude but are still (late 
1974) the subject of planning enquiry appeals and the City’s much 
vaunted municipal amenity area m the old city has had to be large!) 
abandoned, partly at least in favour of offices 
City planning m Bristol has tended to follow somewhat rigid land-use 
zoning policies, though instances have occurred where office develop* 
ment m particular appears to hav*e moved rather easily beyond zone 
boundaries At the same time, pobaes have been transport^oirunated 
in the sense that easing the flow of tnffic throughout the aty seems to 
have had some pnonty, though little spcafic action has been taken to 
facibtate the movement of pubbe transport vehicles A third pre- 
occupation has almost certainty been the mamicnance of high raung 
revenues withm the city In these lespects, Bnsiol has shared the 
experience of Southampton and Portsmouth dcsenbed by Grant (1975) 
and faces similar socul problems m consequence 

The loss of low cost and rentable housmg brought about by 
redevelopment and road construction and the inadequacy of a public 
transport system dioked by mcreasuig traffic congestion, bear most 
heavily on the less wealthy members of the community who do not 
use motor cars, whether or not they still live in or near the city centre 
But everyone who lives, works or shops m the urban area is affected to 
some degree b) wh it arc becomu^ undesirably high occupation rates 
by noise intrusion, .md by the general over-use of the urban fabric, so 
that the newly constituted Bristol District Counal is being confronted 
by widespread and growing demands for action to prevent further 
damage to the urbaiv environment and to ameliorate the consequences 
of that which has already occurred Tor example, advocac) planning, 
public protests and part) polmcal comtCQon ma) alread) have had the 
effect of turning the district counal’s policies awav from transport 
dominated planning if, as seems likely, nng-road construction has now 
been drasti^ly curta iled 
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Conflicts unresolved 

However, since metropolitan status was not deemed appropriate for the 
former city and county of Bristol, its administration is now conducted 
by the losvcr tier Bristol District Council whose policies might be 
assumed to have purely local signiflcance, particularly if the>' happen to 
conflict with policies of the higher tier Avon County Council This may 
be true m the case of decisions which relate to the purely physical 
aspects of planning, but where decisions can have a vital effect on 
growth their consequences can hardly be entirely local Thus the recent 
two-year moratonum on all new office building in Bristol represents a 
dramatic change of policy since, hitherto, planning pemussjon had been 
given almost automaucaUy to office applicants in the ‘permitted’ zone 
if they satisfied essentially technical lequiicmcnts, this policy change 
could have an impact far outside the aty itself If tertiary activity is 
indeed the mam metropolitan expansion force, and if gtowth<cnirc 
theory has real vabdity, anything which discourages the further 
movement of office mdustnes to Bristol is of vital concern to the 
surrounding county and possibly to the South West as a whole It would 
therefore not be surprising if Avon County Council continued to take 
the view that the growth of tertiary industries, and mdeed growth m 
general in Bristol, should continue untrammelled However, it seems to 
be an unpleasant but inevitable coroBary of growth-centre theory that 
die social problems associated with growth are far more localised m the 
centres themselves than arc the benefits of growth. Consequently, in a 
two-tier system of local government the solution of growth induced 
problems tends to become both the direct responsibility and the 
preoccupaaon of the distnct council of the growth centre itself, 
whereas higher tier authorities and advisory bodies may perhaps be 
more concerned with the possibJity of widespread advantages of 
powth It sectns logical that accepunce of the growth centre idea 
should ultimately lead to the view that metropolitan status could be 
justified for rather more centres than presently enjoy it 

For similar reasons, it is hardly surprising that at the regional level 
the Strategic Settlement Pattern for tbe South West (1974) should 
accept the inevitability of growth But to advocate that ‘the objective 
of structure planning over most of the region should be to 
accommodate populabon growdi at the trend rate’ (p 20) reveals a lack 
of any substantive normative policies to ameliorate the region's 
problems by moderation of the trends themselves Throughout the 
study runs the theme that development options are limited and that 
there is only marginal opportunity to modify trends, despite the fact 
that all sub-regions of the South West are gainmg m population, some at 
substantial rates and that these rates of increase are likely to accelerate 
Nevertheless most bodies in the South West concerned with welfare 
and conservation regard a ‘trend’ build up of population throu^out the 
region as the most damaging outcome and they, like the authors of the 
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Scvcmsidc Study, and for the same reasons, would prefer a goal- 
onented concentration of this nw population 

Go\ernment regional policy in the past has been to diagnose sickness 
by the symptom of high unemployment and to inject doses of 
footloose manufacturing industry m order to create employment How 
especially mappropriatc the unemployment rate is as a diagnostic tool 
m the South West has already been demonstrated b) Gordon and 
Whittaker (1972) It has to be deeded whether pnonty for the receipt 
of such aid by the South West, whose problems are mainly ones of 
remoteness, a rural base and tourism, should rank higher or lower than 
other assisted regions m the naaon whose problems are dominantly 
structural It has been argued that employment both m services and 
manufacturing could be generated more effectively within the South 
West if remoteness could be reduced Although Robson’s (1973) 
analysis of the nmeteenth-century British urban growth data did not 
demonstrate key growth points or a core to-penphery diffusion of 
growth, or even the existence of persistent, region wide, homogeneous 
growth, growth centre theory is now firmly embedded m regional 
policy Accordingly, the question arises whether Bnstol is the most 
effective n^c from which growth will diffuse to the whole South West, 
or whether the growth now taking place m Bnstol should be 
re-allocated in some wi) to more effective diffusion nodes, say Exeter, 
Plymouth or Truro The controversy to be resolved is whether only a 
Bnstohsiaed place can gather sufficient economies of scale and 
agglomeration to diffuse benefit widely, or whether such benefits can 
travel only short distances, so calling for the rapid build up of selected 
more local and as yet smaller places in the South West Though there 
appear to be no demonstrable thresholds in optimum cit) size 
(Richardson, 1973b), cities like London and Birmingham arc well over 
that critical mass which guarantees conDnued growth, even though 
some of their acnvity is being divcncd elsewhere, so Bristol, it is 
claimed, could surrender some activaty for the benefit of the South 
West region 

Similar conclusions could, of count, be reached on welfare grounds 
It could be argued that there arc much greater extremes in the 'lev el of 
living’ within urban Bnstol than exist between different parts of the 
Sou^ West and that regional pohc>' and aid might with greater profit 
be directed to overcoming the soaal problems of micro regions within 
the city rather than xo encouraging further growth, which might 
exacerbate them But here an dement of paradox comes into the 
planning dilemma ^\clfare and conservationist arguments appear to 
favour the concentration of growth radier than region-wide growth at 
the ’trend’ rate. comxrscl>, it is frequenll) suggested that activity is 
more economic when concentrated but that it bnngs more social justice 
when dispersed Perhaps the real difficulties are those of deeding on 
what scale and in what localities the concentration should be, and of 
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cnsunng that local authonties, indudiog those of the Bristol district m 
particular, are capable of accommodating it wihout social injustice or 
further damage to the urban envuonment 

Under these circumstances, the intcr-rclaiionships between the 
various tiers of go\emment and between them and regional advisorj’ 
bodies become diargcd 'wth the possibility of conflict. It is a truism 
that party political allegiances are very different m urban and rural 
areas, so that in the t\so-ticr system of local gosemment ideological 
force may be added to the potenoal clash between growth centres and 
their rural surroundings. Morecser, Ki the South West the situation is 
complicated by the fact that important advisory reports have been 
prepared on different bases and from different bnefs. The South U'esr 
planning region has boundaries which ensure that it is not a nodal city 
region, not a functional region (Symanski and Newman, 1973), not a 
uniform homogeneous region and not an administrative region The 
Scvemside Study was concerned with an estuarine region which, though 
It could be regarded as an entity, overlapped sufficiently far into the 
South West planning region as to include its largest Dty and only major 
growth centre Reports on. both these regions were prepared by 
nominated or appointed advisory bodies, presumably aloof from 
conflicts of interest wtihin their territories Neither report really 
challenged the supposition that growth should occur and on the basic 
question of its location they have revealed dumemeally opposed views 
which, in effect, leaves the most important principles to be determined 
at one level of government or another The extent to which the advice 
of cither of these bodies on broad regional policy is heeded will be 
decided by the central government on grounds which may imoUc some 
party political considerations. But. even if all such reports arc shelved 
Of Ignored deasions vitallv affecting growth must be made continu- 
ously and almost from wecl. to weel. by all planning authonties At the 
local level, these arc elected bodies whose political colour may depend 
in considerable measure on whether they represent urban or rural areas 
and this distinmon may be vital when « comes to dending which, if 
any, growth centres may control ihc fortunes of the South West 
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Public Policy and Spatial 
Structure: Housing Improvement 
in Bristol 

Keith Bassett 
David Hauser 


The study of the impact of local government poliaes i$ only just 
cmCTging as a theme m geographic research Hos^ever, the rrosvth of 
public intervention in the urban economy of British ones, with 
impomni consequences both for ph> steal and spatial smicture and the 
dutnbution of real income among different social groups and areas, is 
kely to nuke thu a theme of major significance m future urban 
mes For example, the impact of local government activitv is likely 
to be most obvious on the physical stnicture m the inner city, where 
urban motorways may be under construction and control over land use 
may be exerted through zoning powers bnked to development 
^ ™ r'" r««d«tial areas are Lkely to be marked by an irregular 
redevelopment and improvement resulting from thcshifnng 
^ . t planning goals and dianguig financial constramts on 

budding Some areas may show the results of ■non^ecision 
‘"'i? “ of purposeful deasions 

m ^”uUs in this case from po!.c> 

dTrnmemal^o ^ Aat create a rensc of unceitaint) 

mnrh A,r^r-r ^ area. AlAough urban government does not have 
limp fHp income, Harvey has argued that over 

iroe the operation and implemenution of urban public poliaes can 
n^r raportant redistributive consequences (Harvey, 1971) Urban 

' k''’ chuigcs m Uic locaon of fjolmcs, 

such as roads, houses, schools, parks and health comres that have 
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important positive and negative externality effects A parncular 
package of policies creates a particular spatial pattern of service 
provision and service quality and an unequal distribution of costs and 
benefits for different neighbourhoods of the city 

To explain the distribution of these impacts requires an under- 
standing of the urban public decision making process which in turn 
involves an understanding of the nature of the relationship between 
local and central government and the extent to which power in the 
local community is concentrated m the formal structure of local 
government. For example, the traditional view that local authorities in 
Britain arc simply the agents of central government has been rejected 
on the basis of empirical analysis by, among others, Boaden (1971) 
Davies (1968) and Dearlove (J973) On the other hand the borrowing 
of theories from the American tradition of community power studies 
(the so-called ‘pluralist’ and clmst’ theories, for example) has not 
generally proved very successful, such theones, although offenng some 
insights, accord a great deal more autonomy to the local urban 
community and place more emphasis on power groups and bargaining 
processes outside the formal structure of local government, dian is 
generally justified in the British context (e g Miller, 1958a and 1958b, 
Newton, 1969) Recently, WTicers such as Hill (1972) and Brown, Vile 
and Whitemore (1972) have attempted rudimentary categorisations of 
urban political structures more relevant to the decision making environ 
ment in British cities The situation is made more complicated by the 
fact that the precise balance of national and local factors, and the 
number and relative influence of interest groups inside and outside the 
council chamber, will vary for different policies and policy areas The 
study of urban policy making and its spatial impacts is obviously 
complex and is certain to involve the geographer in an interdisciplinary 
enquiry drawing upon political and sociological, economic as well as 
spaaal theories 

This essay is concerned with the general question of housing poliacs 
and more specifically with the development and implemcniauon of 
housing improvement policies in Bristol To date, grant aided house 
improvement has been litde studied at the detailed spatial level within 
one city (but see Hamnett 1973 and Watson el al 1973) ^^e will 
attempt to explain the changes in housing improvement policies within 
the context of overall housing policies for Bnsiol and to describe the 
spatial distribution of grant aid since the 1949 Housing Act The study 
of government financed improvement involves three levels of decision- 
making - national legislation, local authority implementation and the 
voluntary take-up of grants by mdividual households - and each of 
these will be considered In this exploratory study, and especially given 
the nature of the available data we arc not able to discuss issues such as 
changes m the overall rcsidenoal structure and effects on the 
dismbution of real income for different groups of householders 
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Central government policy 

post war IcgislaDon on housing improvement' 

In the tw-o decades or so after 1945, the main concern of government 
housing policy was to construct new houses the major burden was 
placed on local authont) construction until the mid 1950s, after which 
time private building became predominant (see Figure 2 1) It is not 
surpnsing, therefore, to find that provisions for improvement in the 
1949 and 1954 Housing Acts (sec Tabic 2 1) had little impact In the 
mid and late-1950s, policy widened to include slum clearance 
Although the 1959 House Purchase and Housing Act, which introduced 
the standard grant and relaxed earlier conditions for grant approval, 
resulted in a large increase m grant take^p (Table 2 1 and Figure 2 1), 
improvement remained essentially marginal to the mam thrust of 
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Figure 2 1 Post-wir bounty scaosucs England and Wales 
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housing policy, uhich continued to be the building of new houses and 
slum clearance 

But this approach was not to provide by any means the ans\\er to 
housing problems Increasingly apparent m the 1960s \s'as the in- 
adequacy of the slum clearance programme The first plans in the mid- 
and late 1950s to cope %\ith slums were based on local aulhorit)’ 
estimates, made in 1954, of 0 8 mtUion unfit houses Qearanecs rose to 
60 000 p a, by the early 1960s (see Figure 2 1), but the first of the 
Housing Condition Surveys (1967) esumated that there were 1 8 
million unfit dwellings in England and Wales, and this despite the 
clearance of nearly 0 75 million houses in thepenod 1954—67 Such a 
figure represented over 10% of the housing stock, whose demolition 
would involve many years’ work. 

In any case, the nature of slum clearance was changing The 1967 
survey revealed that 0 7 million of the 1 8 million unfit dwellings were 
tvidely scattered, away from potential clearance areas Further, as the 
areas of worst housing conditions were cleared, clearance areas came to 
include an increasing number of fit houses (5 6% in 1960, 9 8% by 
1968), and higher proportions of owno’-occupiers who were liable to 
voice more opposition to demolition than had been encountered 
formerly Since there can be no absolute definition of what constitutes 
an ’unfit’ dwelling, there was increasing room for argument over the 
number of houses requinng dcmobiion 

At the same time as &e case against massive slum clearance was 
hardening, the case emphasising rehabilitation was being strengthened 
It had long been argued that the costs of social disruption caused by 
clearance were, in many cases, \ery high (eg Young and Wilimott, 
1957, Jcnnmgs, 1962) Now such disruption may well be justified m 
areas of extremely bad ‘unfit’ housing, but the survejs of the 1960s 
were also revealing unexpectedly large numbers of substandard houses 
The 1967 Survey indicated the existence of 4 5 million dwellings (30% 
of the total stock) not classified as statutorily unfit but which required 
either a minimum of £125 spent on repairs, or which lacked one or 
more of the basic amenities, or both Demolition provided no 
acceptable or practicable answer to the problems of these dwellings, 
whCTcas their continuing decline into obsolescence required immediate 
attention 

The mid 1960s also saw the publication of a number of feasibilitj 
studies that pointed to the escalating costs of redevelopment (studies of 
otSMicoml areas la Boltoa and Culbanj. uwiicatoi that private 
redevelopment was uneconomic), and to the desirability of rchabihta- 
aon (cspeaally the Dceplish Study of a part of Rochdale, M H L.G , 
1966a, see also Cullmgworih’s study of Lancaster, 1963) Accordingly, 
there was a strong weight of opinion which urged the need and 
potential for relatively cheap improvement In 1968, the government 
published Old Houses into Seta Homes (M il L.G ), which recognised 



Irgalatton on horn* imprOMiuenl grants 



Housing An 



26 


Process in Physicjl and Human Ceogiaphy 

the force of these arguments, and the Housing Act of 1969 imple- 
mented the WTiitc Paper’s proposals 

One basic aim of this Act was to place the economics of 
improvement in a much better relationship to those of redevelopment. 
As such, It represented a major shift in the emphasis of housing policy, 
the size of imprONcment grants was significantly increased (see Table 
2 1) The Act also attempted to giw more attention to areas of 
sub-standard housing, suggesting that local authorities direct their mam 
efforts to the improvement of whole areas, not just mdnidual houses 
^Vhc^eas the vanous Housing Acts speafied standards of improvement 
and gave local authonues increasing discretion in approving grants, the 
miliative for improvement temaincd with the householder But u 
gradually came to be recognised that, for an improvement programme 
to be effective, whole areas of substandard houses needed to be 
improved, not just scattered dwellings, and that improvements to the 
external environment were, in many cases, just as important as internal 
improvements (argued notably m the 1966 Dennington Report, 
MHLG, 1966b) Despite the success of towns like Leeds in 
pioneering such work (see Pepper, 1971, chapter 5), central government 
has been very slow to incorporate these ideas into its legislaoon It ts 
true that the 1964 Housing Act introduced the concept of the 
‘improvement area*, but little use was made of the cumbersome 
legislative procedures (Spencer and Cherry, 1970, p 5> 

The 1969 Act introduced the ‘general improvement area’ (GJA.), 
stressing, by contrast with the 19W Act, the imporunce of voluntary 
pubbe participation, while reserving for local authorities wide powers 
for the acquisition of improvable properties Grants were made 
available for area rehabilitation (Table 2 1) In theory, area rchabdita 
non was to be a very significant part of the improvement programme, 
m praoice, however, the policy has failed to concentrate resources 
where need is greatest, and to a large extent since 1969 the 
improvement programme has continued to involve primarily the 
physical characteristics of individual dwellings 

The most recent Housing Act (1974) attempts to take account of 
this and other shortcominp in the 1969 Act TTic blanket approach to 
improvement is replaced by much more expbcit discretionary powers 
for local autbonttes to ensure improvement in areas of greatest need, 
notably ‘stress areas’ (Housing Action Areas) and more stable housing 
areas {G I.A.’s) (details given in Table 21) 


The local scale factors influencing levels of housing improvement 
The previous section has established the general le^slatwe framework 
within wdiich local authonties have had to opierate However, there is 
considerable evidence of variations between cities in the nature of local 
housing problems, the level of housing improvement activity and the 
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relative weight attached to unprovanent m overall housing policies (see, 
for example, the figures for 21 major provincial aties, 1967—1972, m 
Bassett and Hauser, 1974, and the case studies of individual cmcs b) 
Muchnick 1970, Davies 1972, Pepper 1971, and Duncan 1973) The 
relative importance and impact of improvement activity also vanes for 
different areas within cities The level and distribution of improvement 
activity in a city responds to a complex interaction of factors ivhich 
operate at different spatial scales and influence local authority 
implementation as well as voluntary take-up by households 

U) The level and location of improvement activity ivithm the aty 
will reflect certain city wide factors Firstly, the rate of new suburban 
construction and the rate of filtering may be important in providing 
various ways for households to increase their consumption of housing 
services without improving their existing properties ^condly, certain 
neighbourhoods may become espeaally favoured as residential areas 
through changes in locational advantage or through changes in their 
relative accessibility to essential urban scniccs such as transport 
facilities, educational and leisure facilities, etc 

(b) The environmental characteristics of the neighbourhoods them- 
selves will also be important determinants msofar as demand for 
improvement will reflect the level of local public services, the spanal 
externality effects of compeung land uses and the quality and state of 
repair of surrounding houses The operation of residential externality 
effects has been explained by Davis and Whmston (1961), and 
Rothcnbcrg (1967), m terms of a ‘Prisoner’s Dilemma’ type of game 
An individual owner hesitates to improve his property if surrounding 
neighbours do not simultaneously improve their properties and his 
optimal strategy m the way of ftnancul return can be shown to be a 
policy of undermainienance relative to his neighbours The outcome 
arrived at by optimal individual decision making is sub-optimal at the 
community level, in the sense that the co-ordinated acDons of all 
owners could make each better off through a genera! improvement or 
increase in maintenance throughout the neighbourhood These 
cxterrality effects operate to some degree in all areas but for various 
reasons, discussed by Davis, Whmston and Rothcnbcrg, are likely to be 
of particular significance in areas of poorer housing quality 

(c) The characteristics of individual duelling units are of major 
significance The state of decay and detenoration and the structural and 
site possibilities for improvement or conversion arc probably the key 
variahlcs here 

(d) Characteristics of individual households, such as income level, 
tenure, sire of household, and stage in family life c>’c!c will be 
influenaal at the smallest scale of an^ysis (Kirvsan and Martin, 1972) 

(e) The actions of local authonnes can influence the pattern of 
improvement artivity both indirectly and directly at different scales 
The implementation of land-use pluis and policies in the city can 
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influence flic Tclame accesaWity of diffctcnt areas, die externality 
effects of different land uses, and letek of service provision m different 
neighbourhoods More direcUv, the local authority can exert influence 
on the monvaaon of individual households and landlords to improve 
their houses through effecove publiaty of improvement schemes, and 
throu^ G 1-A- policies can overcome important negative extemahtv 
effects at the neighbourhood level by encouraging co-operanve action 
and assuring a long term future for the area. The actions of local 
authoniics can thus operate to varying degrees on most of the factcff 
levels defined pfeviousl), and these actions arc in response to national 
and local political, economic and administrative factors. 

Certain aspects are important enough to be examined in more detail, 
in particular the volunt^ take-up of grants by different mcomc and 
tenure groups, the explanation of vanations in local auihonty 
implementation of improvement pohaes, and the effectiveness of local 
authority action to encourage co-ordinated areal improvement 

Tenure, income and grant take-up 

Given the voluntary nature of improvement grants it is most surprising 
that until very tecetitly v*TrtuaUy no attention has been paid to the 
demand for improvement as it vanes between different tenure and 
income groups (Kinvan and Martin, 1972, are an excepDon) There is a 
need to look more closely at those tenure classes concerned with 
improvement - those living m rented accommedanon, landlords and 
osvnct-occupiefs— and, as Ae 1971 House Condition Survey has 
confirmed, parcculir attennon needs to be paid to the owners of 
typical belovv'-standard houses, small landlords letting one to two 
properties, and low income owner-occupiers 

The core of the substandard housing problem exists in the rented 
sector The 1967 Housing Survey showed that 61% of all unfit 
dwellmgs were rented (rf 30% owner-occupied) and that these 
constituted 33% of aU rented accommodabon. Simdarly, 48% of 
dwellings lacking one or more amenities were rented, and these 
accounted for 56% of all rented accommodabon (comparable figures 
for the owner-occupied sector were 33% and 18%) The general picture 
for England and Wales was largely confinned by the 1971 House 
CondiDon Survey (although the number of unfit and substandard 
houses had been substanii^iy reduced by this date) for example, 42% 
of all rented dwellings required a minimuTn of iC250 to be spent on 
repairs, compared widi 13% of owner-occupied houses Although the 
rented sector accounts for well over 40% of all substandard housing 
only about 20% of improvement grants have been for dwellings m this 
tenure group By contrast, owner-occupicrs took roughly 50% of 
approved grants. These proportions relate to the 1960s but have not 
been subsunoally changed since the passage of the 1969 Act. 
Forth ciiiiore, in certain areas (notably central London) most grants to 
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landlords have been to convert dwellings into high-pnee flats for 
example, in Islington, in only 15 out of 467 units converted with grant 
aid since 1969 was accommodation re-occupied bj former tenants 
(Expenditure Committee, 1973, p 553) 

Of course, poor housing conditions associated with rented property 
have been common for decades Much legislation to improve these 
conditions has appealed to the economic self interest of landlords 
Attempts to involve landlords in improvmg their properties have 
included the 1957 Rent Act, the rusmg of permitted rents by 6% of the 
landlord’s share of the cost of improvement, through 8% m 1954, and 
12V4% in 1959, and the 1972 Housing Finance Act But this, in itself, 
has turned out to be wholly insuffiaent, and allied to the low level of 
controlled rents and the poor tax position of landlords, these measures 
have given little economic incentive to improve 

It has become increasingly clear that legislation has too rarely 
considered the motivations of landlords, and has failed to distinguish 
the different problems faced by different types of landlords For 
example, in areas of low demand for rented property, such as are found 
m many northern industrial towns, the typical landlord is over 65 years 
in age, with a low income, owning a couple of old terraced properties 
usually acquired by inheritance (see, for example, the Deeplish study 
and Neis Life in Old Towns DOE, 1971), who regards ‘manage- 
ment as a burden which has to be borne’ (Cullmgworth, 1963, 
p 141), and has few resources for major improvements Further, the 
tenants of such property usually have low incomes and can only afford 
low rents Certauil) the evidence is that m such areas very little is spent 
even on repairs and mamtenance, let alone improvement an average of 
£5—7 p a in Deeplish (M H L G , 1966a, p 26) 

The situation is somewhat under researched in areas of high demand 
for rented accommodation, but here too it would appear that 
improvement legislation is wide of the mark In areas of social change 
and conversion to flats (predominantly central London, but also smaller 
areas elsewhere), improvement grants arc essentially irrelevant when 
demand is high and inflation rapid (sec Expenditure Committee, 1973, 
p 435), and this seems to be true also where grants arc used mcrcl} to 
convert dwellings for owner-occupation Elsewhere, m areas of 
multiple occupanon but with no real prospect of ‘genirification', there 
would appear to be lutle incentive for improvement, as this usually 
implies fewer dwelling units and thus less income for the landlord (see 
Rnx and. Moocc., 1967^ chapter 5)^^ a^us... tenants arc likely to be able 
only to afford rclanvcl) low rents 

The structure of rented housii^ m Bnstol is unresearched, but it 
includes elements of all three ‘ideal’ cases presented above Certain 
areas include small landlords onming few properties and httJc shanng o[ 
dwellings, whereas others, such as St. Pauls, arc dominated b> 
multiple-occupation (see Richmond, 1973, for an account of the 
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addiuonal pioblcms caused here by racial discruiunation in housing) 
Clifton shows evidence of conversions for owner occupation using 
improvement grants 

Very little is known about the propensity of owner-occupiers to 
improve their properties even studies of the demand for housing m 
general have produced very varublc results (Clark and Jones* 1971) 
Indeed, the 1966 Deeplish Study (MH LG , 1966a, p 21) could claim 
that it was ‘ the first systematic inquiry undertaken into attitudes 
about house improvements since the improvement grant scheme started 
m 1949’ Certainly, virtually nothing is known about the income and 
price clasnaties of demand for improvement on the part of low-income 
owncr-occupicrs, and it is this group, along with landlords, which 
typically owns substandard houses 

Evidence varies as to the level of improvement made 'indigenously 
by low income owner occupiers in low standard houses Some of it has 
been relatively optimistic The Deephsh Study, for example, which had 
a seminal influence on the 1969 Act, noted (p 26) a surprisingly high 
level of maintenance and improvements in the previous year, although 
very little in rented property Comparable results were found by 
Culluigworth in Lancaster (1963, p 169), and by Sigsworih and 
Wilkinson (197 1) in a study of low quality housing in three Yorkshire 
towns By contrast, the DOE study of Nelson and Rawtenstail 
(1971) saw few grounds for opQmism and found that reasons other 
than those relaung purely to income were often quoted foe not 
investing in improvement— including age of household, house not 
wonh improving, fear of demolition, etc It is of some interest to note 
that m all these studies the level of knowledge of the availability of 
improvement grants was remarkably low 

Perhaps the most comprehensive survey has been that of Kinvan and 
Martin (1972) who analysed improvements made fay owner-occupiers in 
North East Lancashire over die period 1965—70 Despite low levels of 
statistical explanaoon (pardy due to rather small variances m many of 
the variables), they suggest that hi^ expenditure on improvement is 
assoaated with higher income levels, young adults with families, a 
recent move to a new address (confirmed for Dudley by Watson et aJ 
1973), and with housing not already m a poor condition Accordingly, 
they assert that a high propensity ta improve is related to relatively 
favourable housing and household characteristics By contrast, social 
surveys have shown how those owning substandard houses tend to be 
small settled, elderly households with low mcomes Their conclusion is 
that there would appear to be litde scope for voluntary improvement 
for the benefit of low income households in areas like the one they 
considered 

Now It IS clear that ail these findings have to be approached wth 
some care, m that they arc often rather restricted m the range of 
household types and housing areas considered However, it would 
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appear that even allowing for the fact that maintenance and improve- 
ment expenditures by such households arc perhaps somewhat higher 
than may be expected, outlay s are on average much too low to do other 
than slightly reduce the rate of obsolescence (cf Stone, 1970, chapter 
8), average expenditure being usually less than half that required merely 
for maintenance Such substandard houses usually need substantial 
capital sums spent on them at one tune, whereas ‘indigenous’ 
improvement is, by its nature, a slow and piecemeal process, to match a 
household’s flow of resources In this context, a 50% grant towards a 
lump sum total expenditure meurred at one tunc just is not adequate 
and implies that the reduction in the cost of improvement works 
afforded by the grant wjl induce a large increase in expenditure, an 
unwarranted assumption so far as low-income groups arc conccmcd- 
Not only that, but as kirwan and Martin point out (p 35), a relative 
improvement in the housing conditions of such households requires an 
increase in the demand for housing and thus in mcome, by such groups 
relative to higher income groups — and yet it is these latter groups, with 
a much higher elasticity of demand for housing and improvement, 
which have been able to benefit more from the improvement grant 
schemes 

Accordingly, it is difficult not to agree with Kirwan and Martin that 
the demand for improvement among low-income households has been 
seriously over-estimated One reason for this may well be due to the 
lack of clarity with which the objectives of improvement poliaes have 
been enunaated There has always been a basic conflict between 
physical objectives, relating to the improvement of houses to the 
maximum possible standard, and the social aim, which is to give a 
choice to households to raise their housing standards (see Duncan. 
1973, chapter 2) Physical objectives have generally prevailed, and to a 
considerable degree these have not been withm the purview of 
low income households 

If the above analysts is correct, then successful improvement requires 
a stronger demand in the housing market on the part of low income 
households. At the mdmdual house and household level it would be 
possible to change the percentage share of total expenditure met by 
improvement grants. Certainly, the 1971 Housing Act introduced a 75% 
grant for the Development and Intermediate Areas for a period of two 
years (later extended to three), but this was ‘at least as much for 
employment reasons as for housing motives’ (Expenditure Committee 
1973, p xxviii) also, the 1974 Housing Act provides for rates varying 
from 50% to 90% But these figures do not appear to have been based 
on any emptneal studies of the demand for improvement. Perhaps a 
better suggestion, and one which should help Iow*-income groups 
especially, is for a flat rate grant (Ktman and Aurtin, 1972, p 143) 
Certainly, a mudi more flexible approach is needed to the provision of 
finance for improvement 



J2 Ptoceises in Phj sical and Kuman G««>grapKy 

Local autbonties and areal improvement 

Anoiha soluoon, recognising that substandard houses tend to be 
spatially concentrated wihin aties, nuncs away from policies aimed 
exclusnely at individual houses towards policies sshich concentrate on 
co-ordinated areal unprosement of houses and environment. In the 
period before the 1969 Housing Act, the legislative emphasis was 
largely on the voluntary take-up of grants on an individual household 
basis wherever ph)^^! improvement was justified. Local authorities 
were largely restricted to the role of publicists for grant availabilit)’ 
However, although there was little legislation available to local 
authorities to effect areal improvement, a number of the major 
authorities did seek in different ways in the 1960s to direct the level 
and pattern of improvement within their urban areas Buirungham, for 
example, used considerable discreoon within the existing Icgislaaon to 
encourage short term patching of houses due for eventual demolition 
Leeds combined an energetic use of existing legislation with a local 
Corporation Act (1966) to pioneer an area-by-arca approach to 
improvement, cooccntfaied withm iB large tracts of old, terraced 
housuig (Pepper, 1971) Newcastle, on the other hand, in its tU fated 
Rye l£ll scheme, attempted to go ouBide the existing legislaoon m 
seeking a compulsory purdiasc order for comprehensive area improve- 
ment (Davies, 1972) These approaches can be contrasted with uat of 
Liverpool, where the emphasis was on demobtion and redevelopment 
within the cenmal areas with only passing regard for improvement 
programmes (Mucbnick, 1970) These vanauons in the type and degree 
of ^ect local authority involvement in housing improvement reflected 
a variety of local factors such as the nature of the local housmg stock 
and housing needs, the resistance or pressure exerted by local 
owner-occupiers and landlords, the party political and professional 
attitudes towards the alternatives of improvement and redevelopment, 
the relative power of different departments with respect to each other 
and to the ^hGaans, and a variety of factors such as the competency, 
drive and organisaoon of local departments charged with housmg 
research and admuustiation. 

Smcc 1969, the increasing emphasis upon the co-ordinated improve- 
ment of house and neigbbourbc^ through G I.A pobaes has placed 
greater weight upon the acQons of local authonQes. However, local 
authorities can snll exerase considerable discretion m the use of these 
poliaes and a recent survey by Duncan (1973) of the attinides of 92 
local authorities to the G legislation suggested a continuation of 
the pattern of marked local vambtii^ in ic^onsc and implemeTitation, 
with many local authorities snll relying heavDy upon a relatively 
undirected voluntary take-up The 1974 Housmg Act extends the 
powers and opoons of local authmues m the housing and environ- 
mental improvement field and arguably the greater flexibility allowed 
will result in even more marked local vanations m response 
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After a slow start, the number of G I A 's declared in England and 
Wales rose to 780 by the end of 1973, covering nearly 240 000 
dwellings But apart from some apparent successes the general 
consensus appears to be that the concept, one of area! unprovemeni, 
has had little success so far The rate ot grant take-up initially within 
G lA ’s was very low, although this rate has accelerated recently By 
the end of 1973, only 11% of dwellings had had grant work completed, 
although a further 14% had had work approved It is not possible to be 
dogmatic about the reasons for this largely because of the widely 
varying range of objectives that have been invoked m the designation of 
GIA's As with general policy objectives of the improvement 
programme, little clear thought has been given to the aims which 
G I A.’s are supposed to achieve Some local authorities have designated 
areas with the worst housing conditions, although it has been more 
common to select areas with considerable improvement potential This 
IS largely because a minimum lifetime of thirty years is required for 
properties in such areas Accordingly, as Duncan puts it, G 1 A's have 
come to represent the ‘elite’ of the older areas (Expenditure Committee, 
1973, p 422) Smee G lA. ’$ are small relative to the sire of the 
substandard housing problem, there has often been a subtle form of 
gentnficaoon in these areas (as for example, m the Arlington G 1 A , 
Nonvich), while other areas have remained 'm limbo’ Indeed, declara* 
Gon of a G I A can induce strong pressure on houses in areas adjoining 
the G I A. Accordingly, in many aties the areas with the worst housing 
conditions have not been declared G I A and in other places, 
changing social function has gone hand in hand with G lA designation 
(although the direction of the causal link is often by no means clear) 

However, even if the areas of worst substandard housing were 
declared G 1 A 's, it is not apparent that such declaration would lead 
to marked improvement We have already seen that the rate of grant 
take-up even within G lA's has been rather low This is parti) due to 
the fact that the standards of improvement required are verj high 
Since there is usually a wide range of housing conditions within 
G 1 A ’s and it is expected that all properties reach a high level of 
improvement, then this implies that the greatest expenditures have to 
be made on the worst and cheapest properties (see Duncan, 1973, 
pp 86-87) Such expenditures are beyond the means of the likely 
owners or tenants of such houses Further, the mere designation of an 
area as a G1 A docs not necessanly involve the improvement of any 
dwelling within it The execution of environmental improvements will 
not by Itself induce improvement of dw-ellings As Kirwan and Martin 
(1972, pp 126-127) point out, environmental quality is likely to be a 
necessary rather than a sufflacnt condition for rehabilition they sec 
little ground for the hope that a better environment in poor housing 
areas induces a significant increase tn the demand for improvement 
Indeed, following our earlier argument, such an increase in demand is 
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only likely with an increase in income of households — thus, the 
changing social composition of households in some G I A.’s (which may 
partly explain the recent increase m grant approvals within G I A-’s) 
Indeed, some local authorities have stopped further declarations of 
G I A-’s on just these grounds, i e that adverse distributional effects 
have been caused (sec evidence given to Expenditure Committee, 
1973) 

Another reason for the lack of success of G I A 's, from the local 
authority point of view, is the stress given in the 1969 Act to the 
miportance of the voluntary decision to improve Now it may be argued 
that, given the effects of externalities, such a stress is quite in 
appropriate (This is certainly the case with respect to dwelling 
maintenance, and possibly with respect to dwelling improvement) It 
has been shown that government has had a somewhat vacillating 
approach to the degree of coercion required to effea improvements 
The 1964 Housing Act implemented a measure of coercion, though 
only for rented property But its signal lack of success resulted in the 
emphasis on voluntary take-up embodied in the 1969 Act This 
however, has caused crucial difficulties m areal improvement Evidence 
presented to the Expenditure Committee examining improvement 
grants indicated that many local authonues felt that the 1969 Act was 
quite inadequate here, and it was suggested that powers to enforce 
improvement should be at the initiative of the local authority instead of 
the tenant Some authorities (Liverpool, for example) have gone so far 
as to suggest that areal improvement can be achieved reasonably 
quickly only when ownership in an area is unified 


The impact of improvement policies in Bristol 
Bristol s housing and housing policies 

The previous section has emphasised the complexity of the factors 
influencing the type and level of a city's improvement activity within 
the context of its overall housmg problems and policies A full 
discussion of improvement poliaes in Bristol is particularly difficult 
for, with die exception of one or two good studies of redevelopment 
and the social problems of council estates (Jevons and Madge, 1946 
Jennings, 1962, Spencer, 1964) the nature of Bristol s postwar 
housing problems and the evolution of its housing policies have been 
poorly documented and researched In the empirical work that follows 
we concentrate on the chanpng role accorded to improvement in 
post-war housing policies in Bristol, the changmg spatial distribution of 
grant aid over time and the matdung of grant aid to housing need as 
the result of changmg national legidation and local policies The nature 
of the data does not support sopl^tcatcd quantitative analysis and our 
results are presented simply in map and tabular form. 
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To put Bristol into a national urban context, figures on housing 
characteristics and housing performance ivere collected for BnstoJ and 
the other twenty cities in England and Wales with populations greater 
than 200 000 in 1971 (excluding London) The 21 cities have 
populations ranging from 204 300 (Portsmouth) to 1013 400 
(Birmuigham), Bristol being in sixth place with 426 000 The rclame 
position of Bristol as regards housing conditions and housing perfor- 
mance arc summarised in Table 2 2 Bnsto! generally ranks high m 
terms of the amenities provided for the different tenure classes of its 
housing stock (its lowest ranking is tenth for proportion of households 
renting furnished accommodation) It appears as a prosperous com 
mercial city without the major problems of housing decay and 
obsolescence that exist in many northern cities It has slipped down the 
ranking of cities in terms of council house building m recent years but 
has moved up the scale in terms of grant-aided improvement activity In 
particular, it has moved upwards m terms of discretionary grant 
approvals per 1000 households (the bulk of improvement in some 
northern cities has been with the aid of standard grants) and 
significantly has taken the lead in conversions per 1000 households (see 
Bassett and Hauser, 1974, for more detailed comparisons) 

Although the comparisons presented here are limited, they do point 
to some interesting features of Brutol's housing situation that demand 
further ecamination Some aspects can be treated in more detail by 
looking at the changes in Bnstol’s housing policies since the war with 
particular reference to the role of improvement policy Variations m 
the basic housing variables for Bristol are plotted m Figure 2 2 and can 
be compared witfi the ‘national’ (England and Wales) pattern shown in 
Figure 2 1 In many respects the patterns of varution are similar, 
although there are also significant dnergences in the timing of peaks 
and the relative amplitude of swings (compare, in particular, the 
respective patterns of grant approvals) 

The high level of local authont> building in the city after the last war 
reflected the need to replace bomb-damaged property and to catch up 
on the backlog on the counal house waiting list. The budding 
programme managed to reduce the councH waitmg-Iist from a peak of 
26 661 in 1946 to 10 492 by September, 1954, m fact, over the period 
1948—51 Bnstol completed more new permanent dwellings than an> 
other local authority outside London Much of this new building took 
place on peripheral housing estates. 

This high level of new construction continued for a year or so after 
the 1954 Housing Act but, m the late 1950s, the level dropped and 
work was concentrated more on slum clearance and redevelopment 
Bristol returned an estirrutc of 10 000 unfit houses to the M H L.G in 
1955 and a further 25 000 were estimated to be substandard Major 
inner city redevelopment projects were stined in St Judes m 1955, 
Redcliffc m 1957 (both adjacent to the at) centre) and Barton Hill in 
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TABLE 2,2 

Bristol eomparativf boustngeonJittons and performance 


Istranktngcity Bratol Last ranking city 


Condutons 

% Household! with all 
exclusive facilities 


Total 

Ownet-ocmpier 

Renting unfurnished 
Renting furnished 

(Leeds) 85 7 

(Leeds) 91 4 

(Southampton) 65 3 
(Plymouth) 65 0 

(6) 

(9) 

(5) 

(10) 

81 8 (Leicester) 

85 6 (Leicester) 
62.1 (Sheffield) 

35 2 (Sunderland) 

66 0 
73 4 
27 8 
25 4 

ConsmietJon & Dejnolilion 

Council dwellings built (Sunderland) 
pet 1000 pop up to 

1966* 

141 

(15) 

92 

(Cosen tty) 

71 

Local suihonty housing 
starts per 1000 
households 1966—72^ 

(Manchester) 

121 

(19) 

22 

(Cardifn 

20 

Dwellings demolished 
or dosed per 1000 pop 
1955-65' 

(Leeds) 

44 

(15) 

12 

(CardifO 

4 

Dwdlings demolished 
per 1000 households 
1966-72* 

(Manchester) 

152 

(18) 

7 

(Plymouth) 


Improvement^ 

Graots (all types) paid 
per 1000 household! 
1967-70 

(Suaderiand) 

56 

(IS) 

15 

(CtrdifO 

6 

Grants (all types) 
approved per 1000 
household 1971—72 

(Sunderland) 

76 

03) 

26 

(Manehmtet) 

7 

Discretionary grants 
pud per 1000 
households 1967—70 

(Siokc) 

31 

(8) 

8 

(Derby) 

02 

Discrenonary grants 
approved per 1000 
households 1971—72 

(Sunderland) 

65 

(7) 

24 

(Manchester) 

2 

Conversions paid per 
1000 households 
1967-70 

(Sheffield) 

26 

W 

2.0 

(Derby) 

0 

'xanivursnuis-approvidi 
per 1000 households 

'(btwidD 

6b 

XU 

66 

(Coventry) 

•U'z 


1971-72 


Sources 'Dennis, 1970 

^ Local Housing SSatistiet (Qaamriy) 
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1958 (Jennings, 1962), in\o!ving the clearance of nmetcenih<cntur> 
terraced housing and its replacement largely by apartment blocks 

Local authority construction rose again in the mid-1960s, following 
the return of the Labour Part)' to power in Bristol in 1963 (after a 
gap of three years), and nationally in 1964 In fact, m the Bnstol 
election Labour had campaigned on a promise to build 50% more 
council houses than the Conservatives had in their three years of office, 
although the housing situation was not a major issue in the election 
(Sharpe, 1967) 

The state of the Bristol housing stock in the 1960s was briefly 
considered in the 1966 Dmhpment Plan Renexs In 1961, it had 
been estimated that 9000 of the 135 000 houses m the city were unfit, 
and the Review felt that these should all be demolished by 1981, at 
which time it was projeaed there would be an overall demand for 
22 000 new dwellings By combining three indices of accommodation, 
density and housing amenities, the Keriers was able to present a rough 
rank-ordering of the neighbourhood units of the aty in terms of overall 
housing deficiency These areas comprised an mner nng, forming a 
nearly complete band around the aty centre, although concentrated 
towards its eastern side In fact, in 1966 in two of the three worst areas. 
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work had either juSt started on comprehensive redevelopment (Easton) 
or was m progress (Barton Hill) But in the third zone, Montpelier— St 
Pauls, there was nothing except proposals for some very small scale 
redevelopment Indeed, the Review spotlighted this area for its poor 
housing conditions, its high immigrant population and the lack of 
long-term housing policy proposals ‘with the future national increase 
of the immigrant population, conditions arc likely to worsen and 
clearly action is needed to improve the residential environment of this 
neighbouthood’ (Bristol, 1966, p 25) 

Improvement 

Although major redevelopment programmes were continuing through- 
out the 196Qs m many mnet city areas the Council and the Housing 
Department were at the same time also encouraging the take-up of 
improvement grants in areas not scheduled for redevelopment A city 
news brochure of 1964 surveyed the achievements up to that date and 
claimed that Bristol had adopted a ‘pioneering and ‘forthright 
approach’ ‘both in publicising details of the assistance available and in 
providing practical examples of house improvement’ (Civic N’ews, No 
81, 1964) This ‘forthright approach’ certainly seems to have been 
reflected m the rapid increase m grant take-up m the city m the late 
1950s and early 1960s 

The same ^uion of Civic News also outlined the Housing Com 
nuttee's view on the future use of improvement granrs and identified 
areas - Bedminster, Totterdown, Hotfield, Bishopston, Bnslington and 
St George — where houses were lacking in modern amenities but were 
basically sound These areas form something of a band citchng the inner 
zones of the city where the major redevelopment projects were then 
bemg carried out. However, the inner zone also contained areas of the 
worst housing in the city that were not then scheduled for redevelop 
ment (Montpelier— St Pauls, for example) and these areas were not 
referred to as target areas for improvement It is probable that, at this 
time, clearance and redevelopment were still envisaged as the long-tecm 
solution to the problems of these remaining mner areas Nevertheless, m 
the inner-zone Chessels area (Bedminster) the Housing Committee did 
recommend the declaration of an Improvement Area under the new 
legislation provided by the 1964 Housing Act, since the Chessels area 
was regarded as panicularly favourable to this type of treatment, the 
houses lacking amenities but being basically sound 

However, the early impact of flic 1959 Housing Act was soon lost, 
and grant completions were running at an annual level of about 100 by 
die mid and late 1960s Further, from the mid 1960s, the level of 
private and public house budding in the city was declining as major 
redevelopment projects neared completion and as the national 
economic situation brought restramts on housing expenditure Under 
lying the dedine in new council budding was the emerging belief, 
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expressed m the Report on the Work of tbe Housing Department. 1969, 
that the majonty of the unfit houses had been dealt wth, that there 
was Jess need for new construction and that greater emphasis should 
now be placed on the repair and modernisation of the rcmainmg stock 
of older houses (Bristol, 1969) 

The 1969 Housing Act provided just the legislation needed to encour* 
age a greater level of improvement and conversion m the ary’s older hous- 
ing stock Figure 2 2 shows the considerable impact that ^e higher level 
of grants and the greater pubhaty for improv cment aid had on the level of 
grant take-up in the city In addition, Bristol has made full use of the 
Act to improve its own local authority housmg The years 1967-69saw 
the approval of 2090 grants for improv mg Bristol’s older council 
houses, while the corresponding figure for 1970 to mid 1973 was 
12 558 Since there are just under 15 000 pre-war council houses in 
Bristol, these figures represent a considerable volume of improvement 
m relation to the overall public housing stock. In fact, smee 1967, the 
improvement of local authority dvvellmgs has accounted for approxi 
mately 50% of all grants awarded in the city 

However, despite the publicity the Council has given the improve- 
ment grant legislation, Bristol has continued to act since 1969, as it did 
before, largely as a ‘dearmg house’ for private grant applications The 
voluntary take-up of grants by individual households has resulted in a 
very scattered pattern of improvement throughout the city Indeed, 
Bristol's use of area policies has been less than that of many other local 
authorities Only three GJ A ’s have been declared, two of them 
adjacent to redevelopment areas, and involving a total of only 200 
houses Two further areas have been identified as potential G 1 A.’s, 
covering between them 650 houses, and both are bounded by 
redevelopment projects It is apparent that areas that might have been 
considered as areas suitable for inclusion in a future redevelopment plan 
in the 1950s and 1960s were being reconsidered for longterm 
revitalisation m the new climate of the late 1960s and early 1970s 

With the aid of the new legislation, the Council also turned to the 
problems of Montpelier— Sr Pauls and draft policy proposals for the 
whole area were approved by the Pbnning and Traffic Committee in 
1970 Although some small-scale redevelopment projects had been 
carried out withm the area, little in the way of future redevelopment 
was proposed Siontpelier—St Pauls was divided into rones m which 
the houses were expected to have lives of either 15 or 30 years, Cmc 
Netrs claimed 'the object wiU be to mount a sustained and co-ordmated 
programme of action in which great stress will be laid on partnership 
between the Corporation and the owners and occupiers of these 
dwellings, to secure major improvements m housing conditions’ (Crnc 
Reas, No 149, 1971) The St. Agnes G lA. covered part of the area 
but G IJV ’s could not be declared in theexteruive areas of fifteen-year 
life expectancy because they were JikcJy to be nc^ed in 1985 for 
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completion of the city’s urban motorway ring, the Outer Circuit Road 
Redevelopment in the Easton area of Bristol had allowed for the line of 
this motorway, it is ironic that when Bristol finally tackled the 
problems of the St Pauls area on an improvement rather than 
redevelopment basis, it had some of the necessary legislation m the 
1969 Housing Act but could not use many of its mote effective 
provisions because of the restrictions imposed by long term transport 
planning requirements 

An intenm svmmaTy 

What picture emerges of Bristol’s approach to its post war housing 
problems in the period up to 1972? The picture appears to be of a 
prosperous, expanding city with a considerable but not massive housing 
problem, tackling its housing situation with enough success to suggest 
that the major problems had cither been soKed by the early lP70s or 
could be solved withm the near future. In certain important respects, 
for example, the level of immediate postwar buildmg and the 
redevelopment of many of the worst housing areas m the 1950s and 
1960s, Bristol has appeared as a vigorous and progressive local 
authonty As regards improvement, die city seems to have had a national 
reputation as a leader in its approadi m the early 1960$, although the 
sharp increase m grants taken up after 1969 would probably have 
occuned anyway regardless of the activity of the loca authonty in 
declanng G lA etc In fact, area improvement policies have been 
limited m their applicaaon and the local authonty has seen itself m a 
publiaty role, encouraging the voluntary take-up of grants by indi 
vidual households on a wide scale throughout the city, and also 
encouragmg improvement to the higher standards 


The distribution of improvement grants within Bristol ^ 

Data on improvement grant apphcations and completions were available 
from the Bristol Housing Department Information on dates of enquiry 
and completion, type of grant and amounts of grant aid expenditure 
were coded from 1954 (the date of the first grant) to mid 1973 (the 
date on which die research project was begun) In all, information on 
8610 grants (approvals and completions) was collected and each address 
was allocated to one of 96 common zones (see Figure 2 3) Common 
zones were designed by the Planning Department for general compara 
tive and statistical purposes and cover an average of 9—10 enumeration 
districts UnforrynateJy, no data were readily available on the type of 
applicant or the prease nature of the work carried out with the aid of 
the grant. 

In order to analyse the distribution of grants withm Bristol, some 
measure of housmg need was required Ideally, for our purposes, such a 
measure should take mto account the provision of household amenities, 
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Figure 2 } Bristol the 96 tones 


obsolescence, structural defects, environmental characteristics, and the 
potential for improvement (as suggested by Duncan, 1971) Howc\cr, 
detailed surveys along these lines carried out within Bristol have been 
on a small scale for speafic purposes in restricted areas The Census, the 
only source of detailed information, only considers the availability of 
basic amenities, and this study is limited to these data The 1961 
Census indicates the availability of hot and cold water taps, a fixed bath 
and a water closet, the 1971 Census repons on hot water, a fixed bath 
and an inside \V C Neither Census giws details of amenit)' provision 
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which correspond exactly to the criteria specified in the improvement 
legislation This is less important for standard grants (where the 
correspondence is reasonably close) than it is for discretionary 
improvement grants which are also available for repairs (in conjunction 
wth improvement), and for conversion grants Where improvement to 
Parker— Moms standards has been approved, this often includes such 
works as kitchen extensions and central heatmg indeed, recent 
investigations of grant work (for example, in Dudley) suggest that many 
grants are bcmg given for such work rather than for the installation of 
basic amenities Accordingly, in some areas, especially those of 
relatively good housing quality, discretionary grants arc quite probably 
going to dwellings already possessing the five standard amenities 

The measure of housing need used here is therefore inadequate 
However, this measure — households (and dwellings m 1971) without 
the exclusive use of all facilities — is the only one available, and it is 
probably a fairly accurate guide to the likely location of poorer housing 
in need of improvement or redevelopment Certainly the Dccplish 
Study (MHLG, 1966a, p 18) justified theusc of a similar measure m 
its construcaon of a list of renewal pnoniies for Rodhdalc by stating 
that 'previous studies had indicated that areas containing a high 
proportion of houses which tacked amenioes were likely to fall 
short of other modem standards* We are currently working on a mote 
developed index of housing need, based on multiple, weighted 
indicators of stress but have not been able to incorporate the results of 
this work in the present study 

Figure 24 shows the distribution of households (including those 
renting from the local auchorit>) without the exclusive use of all 
facilities in 1961 A ring of deficient housing around the city centre i$ 
apparent Within the nng there arc marked concentrations of in 
adequate housing for example, the first tw enty ranking tones with the 
highest number of private households lacking facilities (i e owner- 
occupier and renting privately, corrections having been made for local 
authority households), account for approximate!) 60% of the cit) total 
of such households The northern sector in particular, from 
Montpclier-St. Pauls to Easton is shown as an area of considerable 
housing need 

Changes m the definition of basic amenities make a strict comparison 
between 1961 and 1971 impossible However, allowing for this 
change of definition and the faa that the number of households lacking 
facilittcs (as defined in the Census) fell from 34% of all households in 
1961 to 18% uj. 1971, tfc/t Vf.V.<a>, vr. 

similar to the 1961 pattern The first twent) ranking zones in 1971 
include sixteen of those occurring m 1961, and these twenty account 
for 62% of all private households bekmg the exclusive use of all 
amenities The 1971 Census also provndes mformation on the number 
of dwellings bekmg amenities this panern is similar to the 1971 
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Figure 2 4 Households without the exclusive use of all amenities, 1961 Under 20 
not mapped 


household deficiency distribution, with the major differences in areas 
of high multipleKJccupanc)’ The twenty zones with the highest number 
of deficient dwellings include fifteen of those m the twenty given by 
the 1971 household definition (although the interiul ranking is 
different), and account for 60®6 of total private dwellings lacking at 
least one amenity 

IfousebolJ tenure 

Before analysing the actual disinbution of impros-ement grants, it is 
important to gue some indication of the structure of household tenures 
in Bristol, because, as already noted, there is a strong relationship 
between tenure, housing characteristics, and grant take-up Unfortu- 
nately, It was only m 1971 that the Census first published details of the 
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household amemues of different tenure groups» before then, recourse 
had to be made to the tenure pattern for all households 

In 1961, nearly 50% of Bnstol’s households were o\vner-occupicrs, 
30% rented from the Council, and the remammg households rented 
pnvatcly Figure 2 5 shows the distribution of tiiese households, by 
zones, using a triangle diagram to define combmations of owner 
occupied, privately rented and local authority housuig With the same 
system of classification for 1971 some minor spatul changes can be 
noted A number of pcnpheral zones, m the south of the city, changed 
classification from predominantly council*owned housing areas to 
owner-occupier or mixed council/owncr-occupier areas as a result of 
nesv private house buildmg on the urban frmgc To the east of the city 
centre (St. Pauls, Easton, etc ) changes of deification arc related to 
the change from rental/owncr-occupicr to owner-occupier areas (zones 
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31 and 51), or to the change front rental/owner-occupicr to council or 
council/owncr-occupicr as a result of redc\clopmcnt or direct house 
purchase by the local authority (zones 26 48, 54, 55, 95) Apart from 
these zones, the 1971 panem tcmains substantially similar to that for 
1961 

The 1971 Census indicates the tenure of households lacking the basic 

amenities In Bristol, of 24 000 households (excluding Council tenants) 
that lacked the exclusive use of all facilities, S7“6 were rentmg privately 
(compare 43% owner occupiers), put another way, 48% of all house- 
holds renung private accommodation lacked one or more of the basic 
amenities, compared with only 14% of owner-occupiers Figure 2 6 
shows the distribution of the zones with the larger numbers and/or the 
greater concentrations of households lacking the exclusive use of all 
facilities these zones account for 80% of all pnvately renting 
households and 70% of owner-occupiers so lacking The predominant 
tenure pattern of these households is shown a broad band of renting 
households to the west and north-west of the city centre gives waj to a 
belt of owTicr-occupied and mixed owncr-occupicd/rentcd houses to the 
north and east, as as to the south of the centre 

Tiff distnbution of improvement grants 

Specially written computer programs agregaicd the grant data for the 
common zones and printed out summary tables for each area and each 
year showing the number of grants by tj-pe, the amount of grant and 
expenditure and average sizes and size distributions of grants and 
expenditures It was decided to concentrate attention on aggregates 
for three time periods up to 1958, 1959-68 and 1969 to mid 1973 
This temporal division accords quite closely with the changes intro- 
duced by the 1959 and 1969 Housing Acts, and also enables companson 
with the Census base years of 1961 and 1971 Aggregating data o\cr 
such time periods leads to major problems of anal) sis, for changes in the 
levels of grants and expenditures reflect not only changes m legislation 
but also increases in the costs of labour and building materials for 
improvement work the inflation of costs has been particularly acute 
since 1970 Accordingl), it w’as decided to deflate the s-alues of grant 
and expenditure by an appropriate annual index of building costs. In 
the absence of a suitable local or regional cost index for the period 
being considered a national index was used (1963 = 100 figures taken 
from DOE Housing Statistics and Housing and Construcuon 
Statistics) All monctat) totals presented here arc therefore adjusted to 
the 1963 base year 

Any analysis of the distribution of grant aid needs to compare this 
distribution with that of need The question may be asked did grant 
aid go to the areas of housing need? This is a crucial question but sery 
difficult to anssver with the data currently available The information 
to define areas of housing deficiency suitable for improsement is 
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such areas it cannnr ^ shown that a large amount of aid w^nt to 
individual hnix^ c said at diis level of aggregation sshether the 
the ereatest need i, ® defiaenaes or the households with 

tdET T received benefit 

whethCT indi^d^ discrcuonaiy grants it cannot even be said 
Whether individual grants went to households lacking amenities 


Public Policy and Spatial Stnictu re m Bristol 


47 


(although this is not so for standard grants) However, despite these 
hmitanons, some general conclusions appropriate to the scale of data 
aggregation can be made 

To facilitate the comparison of distributions, a senes of grant 
surplus/dcficit maps was prepared If pant totals and numbers of 
households lacking amenities within a zone are each expressed as a 
percentage of the respective totals for Bristol, then the difference 
between the tivo figures will represent the surplus or deficit within the 
zone Such maps need to be interpreted with care, for the terms ‘surplus’ 
and ‘deficit’ refer only to a statistical relationship between areal ‘need’, 
defined for a particular point in time, and the subsequent flow of pants 
to that area They do not take into account other possible changes in 
the population and housing stock that may modify the pattern of 
‘need’ over time For example, spontaneous, non-grant aided improve- 
ment may take place, although this is only likely to occur on any 
substantial scale in areas that have become rebwely more favourable 
for mvestment by landlords or higher income poups There is little 
evidence to suggest that such substantial improvement occurs m the 
poorest quality, lower income housing areas of pcatest need Again, ic 
IS possible that a pant ‘deficit’ m an area reflects a peater 
concentration on redevelopment, or council purchase for rehabilitation, 
as a means of improving the housing stock and meeting household 
needs However, little redevelopment took place m the city from the 
late 19d0s onwards, and the areas of large-scale redevelopment at an 
earlier date have been indicated in the previous section Extensive 
purchase of lower-quality houstr^ by the council for rehabilitation 
appears to have developed on any scale only in the 1970s as a response 
to a failure to take up pants voluntarily m the poorest areas, and this 
factor does not substantially modify the conclusions stated here 
Finally, a ‘deficit’ in a zone could also rcflca an outward movement of 
households to other areas, or the clearance of houses for non 
residential purposes such as roads The population of central areas has 
certainly declined steadily and some households may have met their 
housing needs by moving to the inner suburbs, but clearance on any 
scale for roads has only been a factor in restricted areas of the city 
When special factors appear to be important to the interpretation of 
‘surplus’ and ‘deficit’ figures, these have been noted 

Completions 1954 to mid 1973 

Figure 2 7 shows the total number of pants of all types completed in 
each zone for the period 1954 to mid 1973 A band of grant-aided 
improvement around the city cenue is defined, with a marked 
concentration of completions in the east and north-cast sectors of the 
aty but away from the central areas and a smaller secondary area to 
the south-west, notably in Bedminster Perhaps the most significant 
aspect of this map, when compared with Figure 2 4, is the very poor 



48 Processes ui Physjcd *»d Human Geography 



Figure 2 7 Toal number of grants completed 19S4 to mid 1973 Under 10 not 
mapped 


showing of zones just to the north and east of the centre. Indeed, there 
u an inner ting of grant deCiaent areas when compared wth the 1961 
pattern of households lacking facilities, and eleven zones ui this ting 
just to the north and cast of die witte account for 30% of private 
households lacking amenities but for only 9% of grant numbers 
Surrounding this ring is an outer area of surplus zones, concentrated 
especially to the cast and south This comparison, of course, takes no 
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account of changes since 1961 in the pattern of households lacking 
facilities 

It must be remembered that Figure 2 7 is based on grant inquiries 
made between 1954 and mid 1973 and completed m that period Since 
many inquines in the early 1970s wilf have been completed after 
mid-1973, this map tends to underestimate that part of the pattern 
reflectmg grants in the early 1970$ (For this reason, the analjsts 
presented below of grants since 1969 wll include both completions and 
approvals ) 

Rather than discuss Figure 2 7 further, more detail can be gained by 
studymg the different time periods separately The years from 
1954—58 are comparatively unimportant in terms of numbers and 
amount of grant, and tend to be characterised by a distribution pattern 
very similar to that for 1959-68 Accordingly, attention is turned first 
to the period betsseen the 1959 and 1969 Housing Acts 

Campleltons, 1959—68 

The 1959 Housing Act introduced the ‘standard’ grant, and over the 
period 1959-68 just under 60% of all grant completions were of this 
kind however, the share of standard grants in total completions fell 
from 60-70% in the early 1960s to 40-50% by the late 1960s Figure 
2 8 shows the number of discretionary (1892 in total) and standard 
(2710) grants completed for which an initul inquiry was received 
between 1959 and 1968 concentrations to the north-east, east and 
south-west are dearly evident Surplus/deficit rones are indicated m 
Figure 2 9 

The pattern shown in Figure 2 9 for all grants is, in general, true for 
both standard and discretionary grant distributions, although there are 
some interesting differences of detail It is clear from Figure 2 8 that 
there is a much more widespread distribution of Uandard grants than 
there is of diSCTCOOnary grants Indeed, the surplus/dcficit map of 
standard grants shows an almost unuiierrupted outer nng of surplus 
zones surrounding a centra! deficit core which contained 55% of all 
private households lacking amenities in 1961 but attracted onl> 15% of 
all standard grants (These households accounted for 60% of all 
households m the central area) In the absence of data on type of 
applicant, it is very difficult to give reasons for this pattern aearl>. 
improi-emcnt using standard grants was being spread very widely over 
the city, and was least affecting those areas most m need (see Table 
2 3) It IS true that the measure of need used here -based on 
households - tends to oversute the deficit m some areas of multiple- 
occupancy, where single-person households share facilities in the same 
dwelling and where the standard grant is unlikely to be used, and also 
that some areas were zoned for redevelopment in the 1960s (sec 
below) But these considerations only really affect the Oifton-Redland 
area and small zones unmcdiatcly to the north-east of the city centre 
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Figure 2 8 Total numbei o( grants compleied 1959—68 Under 10 not mapped 


The zones of deflnt extend well beyond these particular areas The 
standard grant was introduced in 1959 to make it easier to raise 
household amenities to a cmam mmunum level without the need for 
further improvement The dear implication of these findings is that 
such grants were utilised most m zones not m dire need, and — given 
the results of other reseat^ work — probably by owner-occupiers not 
on the lowest income level 

In discussmg die distribution of dacretionary ^nts, it needs to be 


Public Policy and SpatuIStnieture in Brutol 51 



Figure 2 9 Number of grant completion* 1959—68 surplus/deficit rone*. 
Zone* included are those with at least 1% of total household* Lacking one amenity 
or more and/or 1% of total grant cotnpIeooD* Where a lone ha* lets than IS on 
both counts the difference between the twopercenugeamust be 0 5 or greater for 
the tone to be included 


remembered that these are available either for the improvement of 
existing houses or for the provision of new dwellings b> tonvenion It 
thus seems reasonable to consider the two categories separately, 
especially as the dismbution of conversion grants is likely to be relat^ 
more to the demand for hi^-standard <12-point standard, see Table 
2 1) flats, either for renting or for purchase, than to the measure of 
need used here Accordingly, »e will examine the pattern for all 
discretionary grants, and then with conversion grants excluded, and 
return in a later scct:on to discuss conwrsions In discussing the overall 
pattern, it has to be pointed out that grant numbers refer to the 
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number of houses attracting grant, and not to the number of dwellings 
resulting from grant work Accordingly, in areas where a high 
proportion of grants is used for conversions, the impact of grant work 
in terms of the number of new dnrellings tends to be underestimated, 
since a grant for converting a house has resulted, on average, m three to 
four new dwellings 

\Siih these provisos in mmd, it is clear from Figure 2 8 that the overall 
pattern of discretionary grants is rather more concentrated than that of 
^ndard grants Again, there is an inner core of deficit zones, but the 
^ ^ also Table 2 3), and nearly disappears in 

Qifion at least, primarily due to the number of grants used for 
conversions. Since conversion grants accounted for only 5 5% of houses 
affened b> discretionary grants in 1959-68, the result of removing 
convenion grants is relatively msignificant overall However, the effect 
m the Clifton— Redtand area is to mo-ease the deficit, since conversion 
grants were concentrated here Surplus zones arc highly localised in the 
east m EastvilIe-\VhitchaU-Rcdfield (zones 27, 60, and 94 with a 
suplus of SSa) and m Bedminstcr (zone 63. a 6% surplus) Interestingly, 
these zones are m overall deficit m terms of standard grants Reasons 
tor such a pattern of surplus could not be adduced at this scale of 
analysis 


Figure 2 10 indicates the level of grant aid and total expenditure 
ine map sugge^ that the larger amounts of grant went either to the 
older terraced housmg in the east and south west, or to the more 
mbstaatial Georgian and Victorian houses of Clifton It is apparent that 
the expm^ture pattern bears httlc relationship to that of number of 
grants Clifton, for example, (zone 39) attracted under 1% of all grant 
complcuons, but over 5% of total grant aid (Part of this discrepancy u, 
of course due to the way m which grant numbers have been measured ) 
expenditure surplus/deficit zones. Perhaps the 
most noticeable feature of thu map is the surplus area of Oifton- 
Kmgsdovm However, a high proportion of expenditure (70%) in this 
area was for conversions. Omitting grants used for conversions results in 
I "“P fo*- numbers How ev cr, 

c^cen grant expenditure and numbers still remains, and 
reUtive proportions of standard and discrctionaiy 
^ average size of grants Figure 2 12 shows 

per hOTse for all grants combined even when 
and standjrH*^ average size of both discretionary 

atv centra dedines away from the area just to the west of the 

SS thr fm '■^fleeting to some degree the average size of house 

and the amount of grant-aided work per house 

crifald -i of greatest deprivation in terms of 

aw centre munediately to the north-cast of the 

S?Pl3lms Th Monrpeher through St Pauls and Easton to 
hL Phillips Marsh This sector accounted for nearly 25% of the aty’s 
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Figure 2 10 Grant and non-gram expenditure 1959—68 Total expenditures 
under £10 000 are not mapped 


private households lacking facilities in 1961, and yet received only 6% 
of all standard grants, 10% of discretionary grants and 9% of grant aid 
Finally, the question may be asked arc grants going to zones with 
the greatest concentrations of housing deficiency'’ Table 2 3 shows the 
inadcnce of grants for zones with specified proportions of their 
households which lacked at least one amenity in 1961 It will be 
apparent that zones ha^mg in excess of 70% of their households lacking 
amenities attracted only 8—11% of grant expenditure in 1959-68 and 
yet accounted for about 26% of households so lacking By contrast, 
zones in the 30-70% range appear to be roughly in balance with gram 
aid Now, some of the worn housing areas in the city rcccned very 
Imie in the way of grant aid proportionate to their general housing 
situation either because of population decline (zones 50 and 51) or 
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Figure 2 11 Grant eapendtoire 1959-68 surplus/dcfieit aones. (N B See note 
to Figure 2 9 > 


because of council action in clearing and redeveloping parts of rfiese 
areas in the period 1961—1970 this applies especiily to zones 
immediately adjacent to the city centre, in particular zones 46, 54, 95 
and a part of 26 This implies, however, that there are several severely 
disadvantaged areas receiving benefit neither from council redevelop- 
ment nor from significant improvement (see zones listed m Table 
2 3) 

Three particular difficulties should be noted m the above cmpinca/ 
analysis First, m both Figures 2 9 and 2 11, the surplus/deficit figures 
are based on all households lacking at least one amenity, including 
those rentmg from the local authority Since this study excluded 
consideration of improvement to council houses, the mclusion of local 
authority households (necessary because of the format of the Census) 
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Figure 2 12 Avenge value in £ for all granu 1959-68 


has the effect of reducing the apparent grant deficit in deficit zones and 
increasing the surplus in surplus zones However, this has little effect on 
the resulting overall pattern, and ui the analysis of selected zones 
discussed in the text corteaions could be made with the aid of 
enumeration district data 

Second, and more important, the specific results ma> depend on the 
shape and sue of the statistical units emplojed, especull} where there 
IS a wide variation m zone size This general point applies with equal 
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force to the study of any time penod In our case, we used the common 
zones to obtain comparability of the two census jears Howeier, 
examination of the data for enumeration districts mdicates that at this 
level of enquiry the common zones are reasonabi) homogeneous 

Third, the term ‘household’ can emer anything from, say, a single 
student or aged widow to a married couple with fisc small children. 
Any of these types may lack the exclusive use of all facilities, but 
clearly need differs widely A measure of need based on households 
tends to overstate need for smglc poson households sharmg facilities in 
a dwelling, and therefore to understate it for households m single 
dwellings lacking facilities Thus, it can be said that for the period 
1959—68 need has been somewhat overstated for the Clifton area and 
understated elsewhere Accordingly, analysis can be improved by 
utilising data on dwellings as welt as households The 1971 Census 
permits such an approach for the study of grants since the 1969 
Housing Act 

Complettons and approvals 1969 to mtd 1973 
Figure 2 13 shows the tout numbers of standard and discretionary 
grants (3466) for which an inquiry had been received between 1969 
and mid 1973, and for which approval had been given (66*6 of the 
approvals had had work complete bj 1973) Ver) few standard grants 
were approved <6 5% of all grants) as arrention shifted tow-ards 
disaetionary grants In terms of numbers, the overall distribution 
suggests a concentration m areas more to the north and west of the ciC) 
centre than in the previous penod However, when the pattern is 
compared with private households lacking facilities m 1971 (and thus 
allowing for change since 1961), the overall surplus/deficit panern 
remains similar to that for 1959—68 The major c.xccpuon occurs m the 
Clifton Zone (39) where the number of grants used for conversions 
(one-third of grant numbers) changes this to a surplus zone Another 
difference is Aat, unlike the earlier period, no zone has a surplus of 
grant numbers in excess of 1% Bj contrast, several zones m the central 
core have deficits greater than Z% There ts, therefore a wide scatter of 
gram effort at the expense of the central areas 

The comparison of grant numberswithdcH/mgs lacking at least one 
amcnit) tends to highlight those rones with large numbers of single 
household houses Zones with small surpluses (based on household 
numbers) on the eastern edge of the cit> have their surpluses reduced to 
near balance contrast, CUfton— Cotham— Redland, with a large 
amount of multiplc-<jccupancy, is changed to an area of surplus or to 
balance if grants used for conversions are excluded However both 
household and dwelling comparisons have two mam deficit areas m 
common the inner north-cast sector, with 17*i> of private households 
lacking faciliues and 20% dwellings, onlj IO*n of grant numbers 
and a smaller defiat area just south of the cii) centre 
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Figure! 13 Total number of ^nt compleaons and approvals 1969 to mid 
1973 Under 10 grants not mapped 
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Figure 2 14 Grant and non-grant expenditure for tompletion* and approvals 
1969 to mid 1973 Tout expenditures under ilOOOO not mapped 


conversion grants (80"ii of the grant expenditure in these t\vo zones), 
and the omission of such grant aid results in the eradication of the 
surplus in the inner north \scst sector (with the exception of zone 39) 
the consequent broadening of the central deficit core, and the 
re-appearance of surplus zones to the cast and south As in the previous 
penod, the average size of grant (excluding comcrsions) declines awat 

from the Clifton area ...mi. r 

The comparison of grant aid and atstuin^ shons an intensification 
of the surplus in the zones to the nonh-wcsi, from Qifton and Redhnd 
to \Vcstbur>' Park (which hate a combined surplus of 30*i> total grant 
expenditure), whereas the remainder of Bristol becomes a deficit area 
The exclusion of conversions reduces the surplus in the north-west 
without eliminating it, and many of the remaining zones go into 
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Figure 2. 15 Cnnt expenditure (completions and approvals) 1969 to mnl \9Ti 
surplus/defiat zones. (N.B. See t*oie to Figure 2 9) 


balance As with grant numbo^, bo^ dwelling and household 
comparisons with grant expenditure indiate two mam defiat areas St 
Pauls— Easton, with a deRcit of 10?» of grant aid, and SouthvilJe— 
W indrtull Hill m the south 

Finally, as for the penod 1P5S>— ^8 u is possible to see how far grant 
aid went to zones with the bluest comceniranons of households or 
dwellii^ lacking at least one faohty It is dear from Table 2 4 that the 
worst housdiold zones were recemng few grants relative to their need 
after 1969, as indeed they were before 1969. and this picture is 
mtensified with the removal of conversion grants The tabic also 
indicates the small amounts of grant aid going to zones with hi^ 
concentrations of substandard dwellmgs with the exception of zone 
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TABLE 2 4 

The dtsinlmtion of bousing ttefd on</ improvement grants by selected zones. 1969 
to mid 1973 



% of totsd (figures in brackets exclude conversions) 


Private 

households 






(diaeBtnp) 

lacking 

Grant 


Grant 



emenutet 

ttumbers 

expenditure 

Zones wiib given •» of ibeir 
private households lacking 
at least one amenity (min 
of 300 households) 

+5(WK19. 26. 31. 64. 72) 

17 5 

92 

(8 5) 

11 2 

(9 7) 

40-50% (23. 45 46. 70,94) 

11 S 

87 

(7 5) 

IS 3 

(8 9) 

30-40% (18. 22. 27, 38, 40. 

30 0 

25 8 

(25 6) 

26 6 

(27 4) 

42, 60. 63. 69. 73) 






Zones se\tb given H of tbeir 
private dvellings lacking 
at least one amenity (min 
of 300 dvellinp) 

+40% (26. 31,72) 

128 

4 8 

(5 J) 

4 1 

(5 6) 

30-40S (19. 27.60.63 70. 

22 4 

17 1 

(180) 

144 

(18 6) 

94) 






20-30%/58, 69. 73) 

72 


(7 8) 

4 8 

(7 8) 


Sole In 1971 24 175 pn*ate households and 14 9J4 d»tlltnp licked at least one 


amenic> 


19, the tenure of these dwellings ts predommarnly owner-occupied or 
mixed owncr-occupted/rental (sec Figure 2 6) 

In discussing these disparities, a further component of Bnstol's 
housing policies has ro be taken into consideration the increasing 
intcrvcnoon by the Housing Department to purchase and improst 
properties itself, under the favourable terms of the 1969 Housing Act 
This has occurred notably in the areas of poor housing conditions F or 
example, the area cohered by the St. Pauls Plan (rones 19. 31. 51 and 
50) includes the mam multi-racul area of the citj’ and some of the 
worst housing, and accounted for I0“o of the citj’’s defiaent dwellings 
m 1971 Over the penod 1969-73, 113 dwellings were acquired by the 
local authority, compared with the 157 grants approved for private 
owners (5®* of total grant aid). By oantrast, there were under ten such 
acquisitions m the Clifton-Redland— Gotham area. The inference can 
be drawn that, in the areas of the poorest housing not yet considered 
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npe for redevelopment, the failure of private owners to make 
substantial gram aided improvements has necessitated Council inter 
vention 

Comemon ^ants 

N\c have already seen that Bristol in relation to other British cities, 
ranks hi^ly m terms of the use made of conversion grants per thousand 
households, coming first for approvals in 1971—72 Overall figures for 
grants paid in Bristol in the period 1967—70 indicate that 25% of all 
dtscreoonary grants (measured in terms of dwellings resulung from 
grant-aided worW going to nondocal authority applicants were for 
conversions (cf just over 10% nationallj), and ^at for approvals since 
1970 the comparable figures are 30** for Bristol and 20% nationalij 
(see DOE, Local Housing Statistics) Indeed, over the period 
1959—68, conversions accounted fat just over 20*4 of total grant 
expenditure and nearly 400 new duelling units, rismg to 40% of 
expenditure after 1969 and over 1000 duellings either completed or 
approved by roid-1973 

Much of this conversion effort is concentrated spatially m the 
Clifton— Rcdland-Cotham area Nine zones in this sector accounted for 
66% of all conversion actmty in Bnstol since 1959, and uiihin these 
zones, conversion has amounted to nearly 75% of all grant expenditure 
Over time, the area subject to conversion has tended to spread towards 
the east, so that, for example, m St Pauls (zone 1 9), one of the zones 
with the worst housing conditions m Bnsiol, 66% of grant expenditure 
has gone for conversions since 1969 

General rrnprovcmeni Areas 

The existing G 's have not proved as successful as was first hoped in 
revitalising inner aty areas However, it is unlikely that the areas 
originally designated could have bad much impact on the overall quality 
of housing in the inner oty The three declared and two potential 
G I A s between them only account for 839 houses Duncan's sujve) of 
thirty-one county boroughs which had declared GIJV’s by 197J 
revealed a total of 118 declared G ‘s with a median size range of 
200—299 houses (Duncan, 1973) The three Bnsiol G I A 's declared by 
1971 arc all below this size range and two of them fall withm Duncans 
lowest size range of 0—99 houses Only the potential St Agnes G I J\ is 
above the medan tange 

Moreover, within the G IJV's tfie level of grant take-up has been 
uneven A Housing Department survey earned out in late 1972 reported 
good progress in Barton Hill (zone 95 17 grant-aided improvements 
completed and 39 houses acquired bj the council), the Nursery (zone 
63 9 improvements completed and 28 houses acquired) and A^ourv 
Square (zone 48 3 improvements completed and 21 houses acquired) 
However, even uking into account grant aided work approved but not 
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yet completed in these areas, the major factor in upgrading their 
housing quality appears to be council acquisition and council impro\c- 
ment rather than private improvement Disappointing progress was 
reported m the two potential improvement areas In Easton (zone 48) 
18 improvements had been completed and 65 properties acquired out of 
a total of 273, and the report concluded ‘Properties continue to be 
acquired and improved but there is little or no interest in impro\emcnt 
by private owners’ In St Agnes (zone 51), 14 grants had been 
completed and 36 properties acquired out of a total of 369 and the 
report concluded that despite the enthusiasm shown initially in public 
mecungs ‘in 216 cases out of 369 there was little or no prospect of 
house improvement’ It should be added that in both of the potential 
G 1 A ’s the council has followed the policy of not undertaking 
significant environmental imptovcmenis until a major response from 
the residents in the way of grant applications has been forthcoming (see 
Fleming 1970, for a summary of the procedure) This is contrary to 
the policy of some other counals musing environmental improvement 
as an incennve to voluntary take^Jp 


Conclusions and implications , - . , , 

What conclusions can be drawn from these findings, and what are their 
implications’ A number of themes can be isolated for further con 
sideration and lines of research indicated 

1 The concept of housing need is complex and many-sided and the 
type of need which is supposed to be solved by the use of grant aided 
improvement is seldom spell out with any precision as a policy 
objective If the objective is to improve the physical quality of as much 
housing as possible m the city, then cnteria of ph> steal deficiency arc 
needed If, as is increasingly the case, there arc broader social objectives 
as well as physical ones to be achieved, then more complex criteria of 
social and environmental deficiencies are needed Whatever the policy 
objectives the data on need available for Bristol refer largely to 
physical deficiencies and are inadequate even on this account None 
thcless despite these limitations, it is clear that there is a mismatch 
between need and level of grant aid This mismatch appears to be acute 
m some of the worst housing areas — notably in the inner north-cast 
sector -and cannot be explained by a greater reliance on redevelop 
mcnl or council acquisition m those areas (Indeed, our measure of 
need almost certainly underestimates the relative size of the housing 
problem m the north-cast sector) By contrast there are wide areas of 
Bnstol away from the inner aty which have attracted grants in excess 
of their relative share of need, and this has resulted in a diffuscncss of 
effort at the expense of the central defiai core 

Accordingly, despite the impact of unprovement grants in reducing 
the onrall level of housing defiacncy, the worst areas still remained 
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very badly off m 1971 for example, zone 19 snll had 60% of its 
households without exclusive use of the basic amenmes, and m zone 3 1 
the proportion w’as 5Wi Indeed, m zone 19, 15% of households were 
living in shared dwellings whidi lachcd at least one of these amenities. 
These zones, and othen, are ones m which household tenure and 
income levels militate against the success of voluntary improv ement. 

Further analysis of the relationship between household need and 
grant take-up requires research at the level of the mdmdual household. 
More detail^ inf^ormation w required on housing condiuons and the 
determinants of the propensity to improve by households with 
different social and economic chatactcnstics, and such information 
demands individual house condition surveys and household question- 
naires 

2 The use of conversion grants has been a significant feaDirc of 
housing improvement in cerum areas of Bristol This use of such grants 
raises questions of the impact of improvement on the private rental 
submarket and, through repercussions on other submarkets, on the 
housing market as a whole To trace the impact and repercussions 
nccessiuies further informanon on the t>'pe of house, ^e tj’pe of 
landlord and the type of tenant involved m housing conversion and the 
use to which the house is put after conversion. For example, to what 
extent are lov.<ost rental flats aod bedsitters replaced bj hi^*cost 
rental units, uivolvmg the displacement of the existing households’ Are 
improvement grants an imporant incentive to convert propetty to 
hi^er-rental use in areas such as Oifton, or are market conditions such 
as to make them irrelevant’ If low mcomc or single person households 
arc displaced, what pressure is exerted on other housing sub-markets as 
a result of the reduction in the stock of lower cost housing’ Answers to 
these questions are tmpoitant m considering the impact of improve- 
ment poliacs on the distribution of real income iKtvveen diftcrent 
housing groups 

3 Fmally , the rclaOve failure to cany throu^ G I.A. policies on anj 
scale m die city has important implications In the light of the apparent 
loss of initial enthusiasm by residents m the proposed G I A ’s there is a 
need for more information on the interaction between councS, 
planning department and residents m the area improvement process. 
This IS nnportant for the future, for the 197+ Act, wnth its Housvi^ 
Action Areas (defined on the basts of social and economic factors), 
provides the basis for a more flexible approach to inner aty housing 
problems. This m turn will demand a clearer statement of bousmg goals 
and objectives for different areas of the aty and a clearer statement of 
pnontics vvithm an overall housing plan To meet these goals and 
pnontics a deeper understanding is needed of residents’ responses to 
national and lo^ government pobey so that needs and resources can be 
matched for different groups defined on the basis of area, mcome, 
tenure or stage vn life cj cle. 
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PART II 


Hydrology and Geomorphology 



Chapter 3 


Hydrograph Modelling 
Strategies 

Michael Kirkby 


A drainage bum is a complex combination of spatially distributed 
elements, many of which may be significant in their influence on the 
shapes of stream hydrographs from the basin Its elements show great 
heterogeneity within small areas, but also reflect an erosional and 
hydrological history which has produced a functional whole, apparently 
organised towards efficient drainage of the basin Precipiunon falling 
on a drainage basin is transformed by these basin elements to an 
outflow hydfograph. by processes which are, at least m principle, 

deterministic . ^ , 

The prediction of river flow is important in the science of hydrology, 
and has practical applications which are related to 

1 the immediate prediction of floods follomng rainfall , 

2 the design of flood control tsotks, bndges and spilltvays, 

3 seasonal and annual water yield for water supply, reservoir design, 
etc. 

In the first and third of these cases, it is usual to have some 
orc-existing records of both rainfall and runoff, so that a flow model 
an be ‘fitted’ to the record In the second case it is common, 
mrticularlv for small to moderaie^ired catchments, to have no flow 
Lords, although applicable rainfall records may be available It is 
therefore an advantage if the flow model takes some account of basin 
characteristics Some physical basis for a model is also approprute 
where changes arc taking place m a drainage bwm for instance through 
urbanisation or afforestation, and it is desirable to predict chinpi in 
the runoff patterns that may result A physical basts also facilitates 
cross<alibraiion between drainage basins, which greatly enhances the 

value of existing data , a e l t j i_ 

Although a direct approach to flow frequcnc) has been made by 
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generating a stochastic sequence of nver flow’s directly (Ycvjevich 
1964, Alatalas 1966, Chow and Kardiotis, 1970), ^cre is little 
possibility of fitting the stochasuc genetating function to basm charac- 
tensncs, particularly as it contains elements of both rainfall and basin 
behaviour Rainfall records contain strong scnal correlations over both 
short and long periods (Hurst, 1951, Mandelbrot and \\allis, 1968) In 
the absence of serial correlation, the basin output would tend to be 
more normally distnbuled than the rainfall input, because the basin 
stores and accumulates the inputs Scnal correlation weakens this 
effect, so that outflows are almost as strongly skewed as inflows The 
basin storage also introduces additional short term scnal correlations 
Although there is also the possibility of considenng the drainage basin’s 
role as an operator on the corrclogram or spectrum of rainfall events, 
our knowledge of hydrology does not yet allow an association of such 
an operator with basin characteristics The difficulties of these stochas 
tic models demonstrate that it is realistic to route rainfall through a set 
of stores which can be at least conceptually identified with zones of 
water storage m the catchment. 

Anempts at producing a catchment model with a physical basis are 
faced wn* a dilemma The drainage basin itself has a perplexing variety-, 
which can only be represented by a very large number of parameters. 
Each parameter could in principle be measured, although the resulting 
work programme might be mote time-consuming than installation and 
maintenance of a stream gauge for a year On the other hand, 
exceedin^y simple models widi only two or three parameters can 
provide a very good empirical fit to the response of a paroeular 
catchment Figure 3 1 shows that the goodness of fit of a particular 
model does not always reflect the number of parameters it contains, 
and that more recent models arc not necessarily improvements on older 
ones Such comparisons are only a Unle less than fair, depending as 
they do on the particular data period used, but authors seldom publish 
thar least favourable examples' In some cases additional parameters are 
mcluded in a model to give it pcater generality, even though, for a 
particular catchment they arc more or less inoperative The great 
differences m numbers of parameters do not, however, mainly reflect 
differences of this kind. It is inferred that a workable model should 
have no more than 5— -lO parameters m the present state of the art 
With few excepnons, catchment models may be considered as a 
sequence of stores Each store receives water &om other stores and 
possibly from rainfall, and debvcis water to other stores or to the basin 
outflow The stores may be conceptual only, or may be idenufiable 
with physical water bodies in the basui They may respond bncarly or 
not There may be anything from one to an infinite number of stores 
An altcmauvc simple catchment model is based on the unit hydro- 
graph (Sherman, 1932), but Dooge (1959) has shown that any unit 
hydfograph is equivalent to a sequence of linear stores in senes and/of 
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Figure 3 1 Progress m hydrological modelling <Data from Aitken (1973) and 
Uinben(1969)) 

Residual SS 


piraUcl, and vma There is convuicuig evidence that catchments do 
Lt respond linearly in detail (Amorocho, 1963, Hewlett and Hibbert, 
1967, Weyman, 1974) Ncvenhclcss. ihc near success of the linear 
model makes it a valid starting j 
appropnate catchment parameters 


A bnar'stm'eTdtfined as one for ivhieh the outflow, q, is proportional 
S = k, 

If S and q ha\e the dimensions of mm and mm/hr (spread over the 
catchment) respectively, then the constant k has the dimension of 
hours The response of the store is determined by equaoon (1). when it 
IS inserted into the mass balance (storage) equation for the store 


dS 


where i IS the rate of mfiowr m mmrtir 
and t IS time elapsed 


(2) 
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Substituting equation (1) in (2) 


i=q 


+ V.- 


dt 


0 ) 


This IS a first order linear differential equation for the outflow, with a 
general solution 

(4) 




where So is the storage at t * 0 

For a unit impulse of rainfall (1 mm applied instantaneously) at t »= 0 

q.i (5) 

an exponential decline following the miual )unip at t = 0 The response 
of a linear system (m this case a single store) to a unit impulse at t » 0 is 
called Its instantaneous unit hydrograph (lUH), and is written as 

(6) 

Using this notation, equation (4) may be written in the form 

q = f' r 


q = u(t - t) i(t) dr + S„u(t). 


Equation (8) may be shown to be a general relationship for any lUH 
function u(t), and is a convolution of the lUH with the rainfall 
sequence, i(t) (Dooge, 1959, p 243) 

When two uneqind linear stores are combined in senes, the output 
q, from store S, becomes the mpuc to the second store, Sj If the 
stores have time constants k| , k 2 respectively, then their mass balance 
equations are 


l = q, 


+ k, 


dt 


and 


qi 


1*1 


dt 


(9) 


(10) 
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For a unit impulse at t = 0, as before 



Substituting in equation (10), and sobingas in (4) above for the second 
store 


q, e*"*- dr, (12) 

which gives 

“» = q. 03) 

k, — kj 

wbich IS the lUH for the two stores combined It may be noted that 
this IS symmetrical in k, and k, . so that the order of routing through 
the two stores makes no difference to the combined response ThisIUH 
has a peak at 

(14) 

and the peak discharge at this point is 

qp, (15) 

If equation (U) is standardised, so that the peak discharge occurs at 
t ■ 1, then the lUH becomes 

(16) 

where X = k,/kj 

This family of curves, which is Olustrated in Figure 3 2a allows a unit 
hj drograph to be fitted to a unimodal real form in respect of both time 
to peak and overall recession rate Since real unit hy drographs com- 
monly are unimodal a good fit can commonly be obtained by the use 
of two linear stores, provided that the assumption of linearity is a 
reasonable one However, the highest peak and most rapid recession 
rate occur at X = 1 when the limiting >-aluc of the I UH is 

u(t) = tc"' 

At this point the rate of recession is such that the discharge approxi 
matcly halves in a time equal to the time to peak. If the recession rate is 
more rapid than this the model of two unequal linear stores becomes 
unsuitable , 

An alternate simple linear model with two parameters is one with n 
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equal linear stores, each with time constant k Applying the methods of 
equations (9) to (13) repeatedly, the follouing expression for the lUH 
IS obtained, standardised to peak at t = 1 


_ {{n-Dt}"-' 


(18) 


which IS a Gamma distribution of order n This family of curves is 
shown m Figure 3 2b, and it may be seen that for any whole number of 
stores (^>2) a series of sharply peaked and sharply receding hydrographs 
IS obtained, complementing the spectrum of forms m Figure 3 2a In 
the extreme case of an infinite number of equal stores, their combined 
effect is a simple delay mth no attenuation of the input impulse If 
fractional numbers of stores in the range 1 < n < 2 arc allowed, then a 
further senes of curves can be obtained which closely match curves in 
Figure 3 2a For example, the response of 1 Vi equal stores m Figure 3 2b 
IS very similar to the response of 2 stores with time constants m the 
ratio of 10 1 m Figure 3 2a 


Identification of stores 

It IS argued that, insofar as a linear model is justiFuble as an 
approximation, simple two-parameter models representing linear stores 
are commonly sufficient The problems of non lincanty are considered 
below, but before abandoning linear models it seems crucial to attempt 
to identify the stores with physical water bodies Figure 3 3 shows a 
schematic arrangement of stores m a catchment Each soil lajcr is 
commonly considered as a store, with infiltration to the layer below, 
and doivnslopc routing through a senes of similar stores to the channel 
store. In a spatially distnbuted model, the stores are repeated for each 
spanal element of the basin, but most workmg h>drograph models 
lump the catchment at least as much as in Figure 3 3a The Stanford/ 
Hydrocomp models for example t>’ptcally combine each U>er in a 
single non-linear store representing both the \crtical and lateral slope 
flow components. In combining a Urge number of stores m this way, u 
IS worth noting the effect obtained b>* combining $c%'cral linear stores of 
different time oinstanis, in a senes chain It is apparent that the stores 
with the longest time constanu (k in equation (1)) have the greatest 
effect, so that the simplest rwxi-sTore approximation will mainly reflect 
the properties of the two most slowly responding stores in the chain 
To antiapatc a little, it may be noted that if the stores are non-linear, 
and if k IS understood to mean the average duration of water in the 
store, then the above result still holds, as has been shown b> 
Wooding (1965) Furthermore, the most slowly responding store must 
be most accurately modelled m terms of its non lincanty, because the 
outflow discharge is less sensitive to the form of the second store. 
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Figure 3 3b Order of magnitude of atores* drainage umei in bourt for each 
dmeooa (storea u in (O abo\ i) 


provided that an appropriate value of V is used for it. K linear 
approximation may, for example.be sufficient. 

In Figure 3 3, a chain of stores in senes can be foUosscd through each 
layer Although the time-constanis for the vanous stores depend on soil 
and drainage basin charactenstics, relative orders of magnitude may he 
estimated (Figure 3 3b) The value shoivn for each sequence of stores m 
the domislope dirccoon is intended to indicate the total delay from the 
sequence Estimates represent a large number of published infiltration 
cuPrCs, overland flow hydrographs and stream vcloaty values. 

For the overland flow route, the duration of flow is likely to be 
cnocal only m catchments of 1 km* or less In larger catchments, the 
overland Dow may be treated as effectively instantaneous without 
appreciable loss of accuracy It is, bowTver, cruaal to esumatc accur 
ately the guamuy of ov^and flow, and the time at whith « 
produced This mvoKes modelling the infiltration capaaty of the sod. 
and making use of the concept of partial cotitnbutmg area, where this 
appears apphcable. These topics are discussed below 

For subsurface flow, both the infiltration process and the downslope 
flow are likely to be important, but the slower response of the 
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downslopc flow requires that its non Imcanties are accurately modelled 
Infiltration, on the other hand, needs to be modelled accurately m us 
overall timing, but the Imcanty or oihersvisc of the infiltration store is 
of less importance This emphasis suggests thar a full mathemarical 
treatment of the infiltration phase is probably not justified in terms of 
increased accuracy m predicting basm discharge The effect of the 
channel network probably becomes important for catchments of 
20 km* or more, when the timcHronstants of the network compare mth 
those of the infiltration phase, but for catchments of less than 
1000 km*, a linear network model may be sufficient Similar arguments 
apply to lower soil levels and to groundwater In the last case, the deep 
percolation process and groundwater lateral flow must be modelled, 
bur infiltration and channel effects may be almost completely ignoitd 
In comparing the three (or more) layers in the soil, it is also important 
to consider the relative peak and total rates of outflow from each layer 
into the channel system If « clear that the proportions will v'ary 
widely At one extreme, and areas tend to show a high concentration of 
flow in the overland phase. At the other extreme man^ limestone areas 
show a preponderance of groundwater flow A general model must 
allow for all three to be important, and be capable of distributing the 
flow between the layers The groundwater component is clearly critical 
because of us long response time, but, because this is much longer chan 
the typical flood event, and because experience has shown that 
groundwater has a response which is close to linear, an adequate 
approximation can commonly be made on the basis of 

1 a constant leakage rate from the soil water store, whenever there 
IS any water in U, 

2 a constant delay before reaching the groundwater store 

3 a linear groundwater store 

The soil water store and do\vns!ope flow walhin the soil must clearly 
be modelled with some care, and the physical description of this 
process needs perhaps to be the roost comprehensive The infiltration 
process and the associated near surface store is also important, in three 
Ways 

1 failure to enter this store is a failure to infiltrate produang 
overland flow It has been seen above that the timing and areal 
production of overland flow is scry important 

2 water in the ncar-surfacc store can be roughly identified with 
water which is freely available for evaporation A conversion of 
potential evapo-transpiration rates into actual rates is therefore 
associated with this store, 

3 infiltration prov idcs the mflow to soil water stores and thus has a 
secondary effect on the h>drograph of soil water stores, partial 
larly through us average timing 
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Channel effects appear to become increasingly important in catch 
ments of more than 10 km* In very large catchments, the effect of 
channel storage within the trunk stream becomes very important in 
attenuating flood peaks, but in drainage basins of less than 1000 km*, 
the most important influence is probably that of the channel network 
pattern Within the overall framework of the proposed composite 
model, It is important to keep a sense of proportion in the number of 
parameters used to describe each process The following survey 
attempts, wherever possible, to suggest ways in which parameters might 
be obtained from basm measurements, and to keep withm the suggested 
target of 5—10 parameters overall 


The infiltration process 

Hydrological models have commonly considered entry into the soil in 
terms of the maximum rate at which water can enter the surface This 
rale, the infiltration capaaty, is commonly expressed as a function of 
time elapsed and initial soil moisture content Funcuons used include 
the Horton (1939) equation 

f=f- + (fo -f-)e-*''. (19) 

the Philip (1957) equation 

f»A+Bt-«. (20) 

and the Green and Ampe (1911) equation 

f=A+BS-*, (21) 

where f is the infiltration capacity. 

t IS time elapsed from the beginnmg of mfilirauon, 

S IS the total mfiltraied so far 
aod fo , f« , X, A and B arc soil constants 


Attempts to describe the mfiltraiion process more fiiUy, incorporating 
me ettects of soil moisture hysteresis m pamcular. appear likely to give 
mfiltration process if the number of parameters in 
the overall hydrograph model is to remain less than 10 

infiltration capaaty emphasises the influence 

to assess rise changes m 
” complex storm The mfiltranon capacity 
nte S store models by emphasising 

outflow Ir ai maximum rate of inflow) rather than rate of 

Sow^^ ^50 ernphasises Hortoman, or ‘infiltraQon^cess* overland 
□vriand n t. *' of 'satutation^xeess' 

water accommodate no mote 

water, at which point ovethmd flow can occur even at low ramfal] 
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intensities An alternative model which overcomes some of these 
difficulties concentrates on xhc storage capacity of the near surface soil 
If this store has water content S, capacity Sq and outflow at rate 
= 9(S), then although the infiltration capacity becomes meanmglcss, a 
value can be given for the total volume which can be infiltrated at a 
given constant rainfall intensity before overland flow begins This value 
has meaning for both types of model, and may therefore be used as a 
basis for companson For the infiltration modeb of equations (19) to 
(21), infiltration is assumed to continue unnl f = i, the rainfall intensity 
(cf Mem and Larsen, 1973) From eouanon (19) 




( 22 ) 


or 



where V is the total volume infiltrating before saturation From equation 

( 20 ) 



and from equation (21) 



For three simple storage models, the following somewhat different 
results arc obtained, starting from an initiall} empty store 
1 If q = 0 (no leakage from store) 


V=So, 

(26) 

2 If q « qo (consanc leakage) 


V = — . 
i-q 

(27) 

3 Ifq = S/k (linear store) 



(28) 


Figure 3 4 shows the relationship between the total volume mfiltra 
ted V and the rainfall intensity, i, for several of these equations. All 
are'relanvcly simple, and differ most in their behaviour at high rainfall 
intensities. The ^oice of a pamcuhr equation is likely to depend on 
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Figure } 4 Tool volume mriltiired as a function of lainfall intensity according to 
a range of infiltracion and norage models 

equation {2}) « Horton infdtiaaon equation 
Equation (24) > Philip innitranon cquacon 
Equation (2S) - Green and ^mpt inTiIttation equatiori 
Equauon (27) ^ Store with constant leakage 
Elation (28) ^ Linear store 


panicular soil charsctcnstics. but it is thought likely that the storage 
type of model may be mote apptopnaie for sods with well developed 
horizons where the capacity of the *A’ honzon is a cntical determinant 
of overland flow (Caison and Kultby, 1972, chapter 8) For this type of 
soil the constant leakage model of equation (27) is thought to provide 
an adequate and simple compromise which is suitable for modcUiogt 
but the most appropnate form of curve can also be obtained directly by 
field testing, usmg a spray mfiltrometer 

A modifying mfluencc on the process of outflow from the infdtra 
non store is concerned with delivery to the sub-soil store beneath As 
sub-soil w^ter storage inaeases, the delay m reaching it decreases This 
influence may be modelled ditecdy hy using a vanable delay, or else the 
rate of outflow from the mflltration store may be coupled to the 
contents of the subsoil store, since this rate affects the mean time to 
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reach the sub-soil. This second approach is computationally simpler, 
and It IS suggested that the leakage, instead of being constant, may be 
treated as 

q, =qi(S,). (29) 

where qj is the outflow from the infiltration store, and 
S 2 IS the storage in the sub-soil 

This approach is m kcepmg with the cmpincal finding of Laurenson 
(1964), who related lag time (proportional to 1/q, ) to stream discharge 
(itself a function of S 2 ) He found that 

1/q, «qi ” (30) 

so that q, (Sj ) in equation (29) should be an increasing function of Sj 
This function is considered below m the context of outflow from the 
sub-soil store 


The production of overland flow and evaporation 
Any model with only a few parameters must nccessanlj' simplify the 
spatial variation of moisture content over a drainage basin For a given 
average moisture content, there is a wide range of possible spatial 
distributions, even if rainfall is always spatially uniform, as is assumed 
here To predict the spatial consequences of an average moisture level, 
some assumptions must be made about the duration of the rainfall 
inputs The simplest, which is adopted here, is to assume a time- 

independent steady sute of net rauifaU input, 1 

For a point in the catchment at which the area drained per unit 
contour Icng^ is a, the local slope angle is P, and the local lateral 
permeability is K, the discharge, 

Q = (7 - qa)3 = KS tan (31) 

where S is the local soil storage level in rainfall equivalent units (eg. 
mm) 


K tan^ 

The saturated area is then defined as the area for w hich 
Over the whole catchment, of area A. the mean vtatcr storage 


(34) 
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where X = K 




a constant of the catchment 


Combmmg equations (33) and (34), the saturated 
a XKSq 
tan^ KS 


IS that for which 
(35) 


The expression on the left hand side can readily be mapped for a 
particular catchment or sulxatchment. If K» permeability, is 
assumed constant, then a sm^e parameter, XKSq/K, relates the topo- 
graphic distribution to the average storage level and saturated area An 
example is shown m Figures 3 5a and 3 5b for a very small catchment 
of 0 052 km’ 

In a subsequent r ainfall , the area obtained m this way may be closelj 
identified with the concept of contributing area {Kirkby and Weyman, 
1973), so that ovaland flow can be esDmated as 

qo=iA5, (36) 

where i u the instantaneous rauifaU intensit)', and Ac is the saturated 
contributmg area, calculated from equaoon (35) ISTiere A« vanes with 
S, a major source of oon-lineanty is introduced into the model for the 
first tune. For the example shown in Figure 3 5, this nen-lmeant} is 
very severe, but for many larger catchments the slope of the curve tends 
to be relatively low at low and moderate values of S, so that the 
condiDon for Uneantj (constant A<) is more ncarlj satisfied. 

The assumption of a fimte store of near-surface moisture allows 
very sunple estunation of evaporation. In each umt of tune, new 





Figure } 5* Distribution of a/ian m a pm of the East Twin Catchment 
Somerset Values are in km 
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Figure 3 Sb Conrnbuung area at a funcoon of »cit rtorage Values derived from 
Figure 3 5a (dots correspond to contour lines) 


rainfall is added lo the store (which includes depression and intercep- 
tion stores) Overland flow, if any, occurs rapidly and so is sausfied 
first The remainder must be allocated bew-cen dowmtvard infiltration 
and upward evaporaaon It is reasonable to assume that both are 
satisfied at the full rate until the store is exhausted, and that there is no 
subsequent loss. 


Subsurface soil storage and flow 

Field observation and measurement (Wliipkey, 1965,\Vcyman. 1971) 
suggest that flow within the soil is largely in the saturated phase, and 
that It occurs more rapidly in the more porous l3>ers closer to the 
surface when these become saturated In most cases levels of subsurface 
flow do not appear to back up to the surface, but this might provide an 
additional complication in someareas. Ilowcier, the rate of response to 
infiltration is affected b> the level of sub^rface flow, as has been 
outlined above 

If these assumptions arc valid, then the spanal distnbution of 
storages is much less significant than is the allocation of overland flow, 
so that a single store ma> be a reasonable basis for modelling This 
viewpoint IS reinforced b> the commonl> convex form of divides 
which reinforces a near Imear behaviour for the soil water store, and 
tends to produce rather constant values for storage. 
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For saturated flow of %’arying dq>th wthm a single layer of constant 
penncabiljtj, the condinons for a linear store arc closdy met. In this 
case the flow can be desenbed by cquaoon (5) in the form 

Q=Q»c-''>- <5>) 

where Q is the discharge at tunc t « 0 
and K is the constant for the linear store 
This is a dassic form for recession curves for the vanous hydrograph 
romponents obtained by separate techniques For the total flow, 
however, it is not generafly a good fit to the falling limb of the 
hj drograph, which is commonly better fitted to an expression of the 
form 


Q = 


Qo 

(1 +ert)"* 


(37) 


where n is an exponent which is commonly dose to 1 0 

If this equation is regarded as a solution to the mass balance equauon 
(2) during a penod of tcro inflow 


« ‘is 

-Q-t. 


(2i) 


Substituting equation (37) 

*71 * va-l 

n- 1 (l + ot)" * 
or forn^I 


(3S) 

(39) 


and S = ^log,(l +t) = “log,(Q/Qo) (40) 

or Q-Qoc-S'a* forn«! (41) 


These arc the simplest forms for non linear stores, and it may be seen that 
the linear store corresponds to the case of n “ Lambert’s (1969) one 
store hydrograph model u based on the exponential store of equation 
(4 1 ) which IS now anal) sed more fully 

I or a stead) inflow of intensity i. coming to a store of initial storage 
the outflow can be calculated from the mass balance equation (2) 


For the etponentui store, the storage— discharge rclatiomhip w 
Q - Qo e''^ Of S • M log^tQ'Qa) 


( 42 ) 
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Substituting for S m equation (2) 


dS M dQ 
* ^ dt Q dt 

(43) 

j-dt r dQ 

Jm“ ■'Q(Q-i) 

(44) 

•'m 1 Aq-i q/ ^ 

(45) 

It /Q-«\ 

(46) 

o, ^=Ae-/» 

Q 

(47) 

1 

(48) 

Putting Q-Q,-Qoe'''“ att = 0 


A « 1 - i/Qi 

(49) 

1 

and 

(50) 

which reduces, as i 0, to 



(51) 


Figure 3 6 show-s the response of an exponential store to increasing 
rainfall intensities. The non-lincanty of the response is \ery apparent, 
and matches the response of many drainage basins It can howeser be 
modified to 

Q=Ci,e5'”-». (52) 

for a constant B. to allow for two factoo 

1 The exponential store predicts an infinite total flow following any 
input This corresponds to the prolonged flow of sc^c^l! months 
during a dry period, with the exhaustion of deep moisture levels, 
but It may be desired to reduce this j leld 

2 Basins differ in their non hneanty of response An increase of Q». 
M and B tends to inaeasc the Iincanty of the response more At 
the limit, if 

Q, e B «• M/K - - 
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Figure 16 Response ot an exponenoal score to tsinfall o( differag inretisiae* 
Q ee where M ■ 10 mm Inmal discharge, Qi * 1 mm/hr 


together, then the store behaves as a linear Store 

Q-S/K (S3) 

If an exponential soil store is coupled to an infiltration store with 
constant leakage, then equation (30) above suggests an appropriate 
form for the infiltration leakage, q, It is 

q, (54) 

where a is a constant with a suggested value of 0 27 from equaoon 
(30) The value of o: has a major influence on the responsiveness of lag 
time to ramfall intensity A strictly linear response (constant lag time) 
occurs if a » 0 

Flow from poundwatcr can be simulated within the framework of 
one or more exponential soil stores where there is no discrete aquifer 
tyste^ Where the aquifers arc wdl defined, an appropnatc model must 
be added to the surface and soil models proposed, but it is not 
proposed to pursue this topic further here 

A slope flow model has been outimed above (Figure 3 7) to predict 
overland and subsurface flow to stream channels By ignoring many of 
the soil and topographic differences within the catchment, it requires 
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Figure 3 7 Schematic hydrograph model with seven parameters (Symbols in 
brackets indicate non topognphic parameten ) 


that the area be subdivided into more or less homogeneous units All but 
one of the parameters refer to the hydrologic response of the soil It is 
therefore of first importance to subdivide the catchment on the basis of 
major soil differences These include influences of the organic honaons, 
so that land use may also be a significant influence Overland flow 
production also involves one parameter, so that areas of markedly 
different topography, especially sacam head hollows, should also be 
sampled separately , , . 

Within each area, some of the parameters can be measured directly 
Q and So can be measured by constant rate infiltration tests, and M by 
subsurface saturated permeability measurements B, e and K/R cannot 
be measured directly but arc likely to be conservative, with trial values 
of zero 0 27 and 10 respectively The remaining parameter, Qo is 
arbitrary, merely setting the zero point on the scale of S, (which can 
take both positive and negative values) 


The response time of the channel is generally short (F igure 3 3). so that 
It IS unlikely to be worth incorporating a non linear model of network 
response for catchments of less than about 500 km* For smaller areas 
hovvever, the network structure has an important influence on the 
magnitude of the peak flow A given channel network can be desenbed 
in terms of two distributions, as is shown in Figure 3 8 The first of 
these distributions is of the number of dianncls at a given dinanre up 
the network from the outflow point The second distnbution is of 
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Chapter 4 


Some Statistical Approaches 
Towards Physical Hydrology 
in Large Catchments 

Malcolm Anderson 


The present inability to relate detailed hydrological process 
investigations in small catchments (< 5 km’ ) to larger ones has meant 
that studies of physical hydrology at larger scales have frequently 
employed multivariate statistics and classical time*$enes models Suu 
an approach has limitations with regard to process inference since it 
represents a combination of system ^thesis and system analysis In 
the former case, a concqirual knowledge of the operating physical 
processes involved is assumed, whilst systems analysis makes no such 
assumption and frequently determines the trznsfer function between 
input and output <Brandsectcr and Amorocho, 3970) The unit 
hydrograph is an example of a model employing both S) stems analj sis 
and synthesis — the unit hydrograph being synthesised from 
analyocally derived rainfall excess and storm disi^arge, and being 
represented by the linear convolution 

J’(t)=!f hi(s)x(t - s)d$ (1) 

0 


where h| (s) - system response function 
x(t)= input 
y(t) = output 

Since rainfall excess and storm flow relationships are non-linear 
(Pilgrim, 1966) and the unit h>drograph is time invanant and linear, the 
model combines non linear s) nthesis with linear anal^’sis Solutions to 
equation (1) have been accomplished by the methods of least squares 
(Snyder, 1955) and harmonic analysis (O’Donnell, 1960) For the same 
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catchments such methods have yielded slightly different unit hydro- 
graph results Such differences have been previously accounted for by 
lack of uniformity m the precipitation field, although Amorocho and 
Brandsener (1971) argue ^at a more likely cause is the fining of a 
linear model to a non-linear process The generalisauon of equation (1) 
leads to a series of functionals (Amorocho, 1973) 

>(l) = ho + h, (s)x<t - s)ds 

where s = the variable of mtegranon. 

Such a model (equation (2)) has the attraction of bemg non linear m 
the systems theory sense (Clarke, 1973) However, no rdaoonship can 
be assumed between the components of the polynomial and physical 
processes, thus highlighang the problem of excellent model resolution 
combined with very poor or non-existent inferential capabilities Such 
severe limitations of the unit hydrograph model are now well 
appreciated (Calver, et al 1972) and more deserving of attention is the 
potential of time-series and related approaches m physical hydrology 
modelling and process inference 


Basic linear models 

Many studies e:(amitung the controls of flood disdiarge at the larger 
scale have employed multiple regression methods havmg the general 
form 

Q, =f(X,,Xj. Xj, ,X„) (3) 

where Q| is discharge of some recurrence interval and X, , , Xa are 

mdependent vanabics relating to basin topography, network pattern 
and precipitation factors An example is provided by Rodda (1967) 
who, in a study of 26 basins in the United Kingdom, obtamed the 
following relanonship for the mean annual flood, Qj 3 a , m cusccs 

Qiss-IOSA®” D«»‘ (4) 

where A = basin area (sq mis ) 

R = mean annual daily maximum ramfall (ms ) 

D = dramage density (mis /sq ml ) 

Such an approach does not provide a unique mterpretation of the 
observed discharge phenomena Moreover, smcc invariably spatial 
sampling is involved, and thus dau from numerous basms arc 
employed, interpretation is fiirdier complicated by the possibility of 
spaoal autocorrelation of the residuals from the model. Although it has 
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been observed that models of the form of equation (3) are wdespread, 
few workers have examined die implications of spatial autocorrelation 
when attempting to assess causal factors accounting for flood vari- 
ability Benson’s {I960) study of floods of nine different recurrence 
intervals m New England is an exception m this respect Figure 4 1 
shows the average ratios of actuaf to computed peaks for the nine flood 
recurrences when the model 

Q=f(A.S.S,,I) (5) 

IS fitted, where A = basin area 

S " main channel slope 
S, = % of surface storage area 
I = rainfall intensity faaor 



Figure 4 1 MiP of r«i<3u*l eiror from model Q" f (A,S^, I) (After Demon 
I960) 
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Systematic under prediction occurs in the nonh, whDst the southern 
part of the state demonstrates the reverse trend The pattern is changed 
somewhat by the inclusion of a fifth variable, t, the average January 
temperature shown in Figure 4 2 However, when a further variable, an 
orographic factor, is included the pattern of the average ratios of actual 
to computed flows is random, and thus the final model takes the form 
Q=f(A.S,S,.I.t.O) (6) 

The existence of more formal methods of spatial autocorrelation 
identification, necessitating the establishment of a contiguity matrix for 
the drainage basins, makes it mexcusabic that such formal tests are not 
applied when models of the form of equation (3) are fitted The spatial 



tigure4 2 Mip of rtiuluaJ 
t9«0) 


(roin model Q"f(A,S3|It) (After Benson 
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selecaon of drainage basins rarely results m adjacent basins being 
chosen The contiguity matrix is thus less easy to establish and more 
prone to ambiguity than m the ‘county case’ (Cliff and Ord, 1969), 
although thcissen polygon methods provide one possible method for 
constructing the necessary matrix 


Autocovanance and cross covanance analysis 

The most basic diagnostic procedure which is conventionally the 
prelude to stochastic model fitting of a senes, as well as having 
inferential power, is the autocovanance function C(l> being defined as 


C(l)= 2 {Xk-x)(Xk.,- 

n — 1 k I 


5D 


(7) 


where n is the sample size and I is the lag The autocorrelation 
coefficient is given by 
r(l) . C(1)/C<0) 

and may assume values in the range -I to »1 Thus the autocottehtion 
coefficient enables the degree of linear association between obsa 
vations that are 1 ame units apart to be ascettamed, and a plot of rfl) 
against 1 for 1 # 0 (the comelogram) teHects the structure of the time 
senes In physical systems ivhich often preclude detailed mvestigation 
of the sriient operating processes for example m groundwater 
envitonments, the autoconrelation coefficient has been employed in an 
attempt to make infetenees the transfer function 

charaacnstics between input and output Jackson et al (1973). 
examining gtoundwatet discharge in an area of Manitoba, obtained the 
eotrelogrSns for groundwatn empottanspiration and inllow rate, 
mean daily tempetamre and daily precipitation (Figure 4 3) The 
gtoundwatir inflow rate shows the gtcMest persistence on account of 
die storage of the flow system, but of perhaps gteatcr significance is the 
lack of cbhetcnce between the peaks in groundwater ctapottanspitation 
(five davs) and mean daily temperature (seven days), reficaing the 

importaficeofwatertablcdcpthOatksonrlgl 1973) 

Ctoss-eovanance analvsis provides the next logical step in such an 
fnabline beecd association between different wrubics to be 
dctiLincd The® of such an approach is that it aUom a further 
dimension to bc explored beyond the simple use of correlation 
structures with the possibdity of quantifying feedback effects as well 
as identifvme transfer function charactcnsiics, since relaxation times 
can be directly estimated The karst tystem can be regarded for mon 
Durooses as a black box. since usually we possess know. ledge of only the 
inflow and outflow and have little knowledge of the intersentng 
processes. Brown (1973) outlined five possible types of flow vnthm a 






Physical Hydrology in Large Catchments 
Type 1 Type 2 Tsfpe 3 Type 4 Type S 


K 


Figure44 Fivepossibletjpesofflownetworlcsin karatCAfterBrown 1973 ) 


karst situation (Figure 4 4) and gave three hypothetical cross<otarunce 
plots under different conditions (Figure 4 5). these being estimated by 


C(l)» 


n - I k ■ 1 

Fijjurc 4 5a indicates that the system takes a posime time to mnsmit a 
wive 4 5b that the aystem transmits the stave instantaneously, sahilst 
4 5c suEIcsts that the output is dominated by an input other than the 
one beoj monitored (situation shosvn m Figure 4 4 - type 2) Being 
able to estimate the relaxation time m this manner allows elementary 


"£ (1, - I)(0,.,-0) 



Figurc4 5 ^ input-ourpui in • Um 

(After Brown 1973 ) 
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knowledge of the flow system (Figure 4 4) to be postulated Assum 
mg the two scries, irt this case and Ov , to be correlated m some way, 
then the correlation between corresponding frequency components 
need not be the same for all frequenaes (Granger and Hatanaka, 1964) 
It is this fact that has led certain workers to employ cross-spectral 
density functions (being a transform of die cross covariance function 
equation (9)) Edwards and Thornes (1973) examined eight water- 
quality variables in the 570 km* Stour catchment m Essex using cross 
spectral methods outlined in detail by Granger and Hatanaka (1964), 
Jenkins and Wans (1968), and Kisiel (1969) By making estimates of 
the phase, , at the annual frequency, f, between all pairs of variables 
they were able to construct a matrix giving the delay time (p^'V2rrf), 
from which it was concluded that pca)^ in pH and carbonate hardness 
occurred some nine weeks prior to the peak in discharge The variables 
in this analysis were viewed as output from a highly complex chemical, 
hydrological and biological system Dowling (1974), however, argues 
that only under comparativdy stringent assumptions about the be- 
haviour of the vatiables in the time domain can phase be interpreted as 
a simple lead or lag Such an uitetpretanon, Dowling argues, must 
assume that the two secies are related in the following manner 

Y(t)-aX(t-to) (10) 

where to »» absolute delay time 

For all other bnear input-output systems, phase m radians, or delay 
ame m weeks or days, cannot be intcipreted as reflecting an absolute 
delay ome between ^e senes, for a lag m physical time can be obtamed 
from numerous distributed lag-generating models It therefore follows 
that a more explicit model than equation (10) is required in the tune 
domain to facilitate unambiguous phase mterpretation (Dowling, 
1974) 


Harmonic and stochastic representation 

Characterising many investigations m physical hydrology has been the 
study of travel tunes of flo^ pulses in river networks, initially taking 
the form of empirical relaoonships 


td *46 24, 


(r = -0 91 
n=34) 


( 11 ) 


where t,, = log omc to ducct runoff (hours) 
q, = direct runoff (cubic feet/sec> 


(Askew, 1970), numerous dcnvaiions have now been obtained, certain 
being based upon the Manning equation 


T., =0 087,*/* 




( 12 ) 
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wiicre Tyg = time to virtual equilibrium (i c tune in hours needed for 
flow to reach virtual cqudibnum with a constant supply 
rate of long duration) 

S,= slope of the water surface of i'*’ reach 
q = uniform supply rate (inches per hour) 
li= length of 1 *" reach (feet) 

P, = wetted penmeterof the reach (feet) 

A = basin area at upstream junction of the reach (sq miles) 

(Golany and Larson 1971) The response from individual storm inputs 
m a given basin can thus be diaractensed but additionally the memory 
properties of the complete discharge time senes can be viewed 
{although aggregate in nature) as a response to climatic inputs and 
morphometric controls It is m this httcr context that correlogram 
analysis is generally a prelude to modelling the process being invest 
igaied in that certain elements of the structure of the time series arc 
depicted b\ the correlogram Thus m modelling discharge time senes 
many authors have sought to identify a deterministic wnipojnt 
(seasonality) and a stochastic component, and have then proceeded to 
model the components using harmonic and markovian models respcrt 
ivcly Such an approach attempts to represent the information m the 
lime senes more wusfactonly than the more aggrepie 
employed in models of the form of ^ 

discharae data X,. Roesner and Ycvjcvich (1966) obtained the senes Z, 
(being second order stationary) by effecting the transformation 


Z, 


Xt - M, 
S, 


(13) 


(14) 


where M, and S, are the mean and standard deviation of the month r 
and vvh«e the Monthly means of X, are represented as a continuous 
funaion by the expression 

. . , « 2irkt s 2irkl 

and the standard dev, at, on ha, a smtdatly ■'f 'nZ^d'h^e 
S, The Z, senes thus obtatned tvas stochastte and fitted by the 

autoregressive model 

Z.=P,Z...ee, <■« 

. . 15 T bssiHS lo ihc Unitcd States. Roesner and 

YeSra966) found*, values to hate a s,gn,fiant j,at,al panera 

Rocker and f 0 05, the difference betueen the t»-o 

S;:?g”SsrdV/*c StVchataeienstics of the hasin The spatial 
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Pifure 4 6 Areal distribution of ^ (e<)uaoon 14) from Rocsner and Ycv]evich s 
(1966) study of monthly river flow senes 


paffcm of the disdiarge values of />, , reflecting both the broad 

pWdpAaticm d^smWvion cJian.ciensiics and basm sioragt, TwniW's to 
be further invesagated Figure 4 7 shows p, dismbutions from dis- 
diarge senes from both Rocsner and Vevjevich (1966) and a study of 
20 British basms Using five-day mean data (Anderson, 1974) In 
seeking to idenofy the generating process in markov terms for slope 
profiles, Thornes (1973) has drawn attention to the effects of different 
sampling intervals The differences m the means of the two distn 
buuons in Figure 4 7 therefore directly rcDect the five-day mean and 
monthly mean sampling strategies employed m the two cases. 

Studies attempong physici interpretation of the generating pro- 
cesses m the disdiarge series so idenofied have been few, and have been 
restneted to aggregate morphometric controls over the stochastic 
component (Anderson, 1973, Yeyjevich personal communication), and 
yet such models have been cxtensivdy used by engineers for prediction 
purposes (Quimpo, 1968) Small sample bias yi the esTunatton of pi 
(IVallis and O Connell, 1972) and the limited process informaaon which 
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Maly^of f spaced -cadiap along a «ream 

JhT„„S“atw"Sc1op.^-««>4-- 

correctly identified y , -_f-_Qygncy has a constant amplitude 

harmonic representation for a giv cq ^ n\cn rivers, 

and phasc^lf the 

although always forS^ of equation ( 1 3 ) « ould be 

over a pien ,„d detemiinirtic componenK would 

meanmgless nn« the 

be mixed Thus, just as s p ^ ,,,n,l,les. on occasions masking 
tclanonship bew-een ^ idationships, harmonic analysis provides 
signincant thresholds in such on T Although dcmodulauon 

wT"nls‘'m’rsSrdyofp..cipiunond.sch^^ 
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to be in their infancy (Anderson, 1975, Rodriguez Iturhc et al, 1971) 

In general terms we may define the onginal senes 

Y,,l=l.n 

then 

Y,' * Y, cos Wo t 
Y;‘ = Y, sinWot 
and 

* F(Y, CQsWot} 

Zt*F{Yt sin Wot) 

where F is a filter of length 2 m and of the form 

z, = y'tt, + Wyi_m + V4y*,,„| (17) 

and this allows an esumate of the amplitude A for frequency Wo at any 
tune t to be obtained 

A-2(U;)' +tz;')*)'' * 

In practice, two filters of the form outlined (equation 17) are 
applcd, the first of length k and the second of length p, where k > p 
The choice of k and p is subjective, but the use of too narrow a 
window, whilst giving smoother estimates, wll serve to increase the 
variance of the estimates Figure 4 8 and 4 9 show monthly senes for 
prcapitaiioo and discharge for the river Wye at Rhyader (0 S gnd 
reference SN969676 — basin area 167 km* > and the nver Blythe at 
Hamstali Ridware (OS gnd reference SK109191 — basin area 
162 km*) The two prccipitaaon amplitude senes show a significant 
polynomial trend with the icnnima in the period 1945—48 The 
disdiarge for the Wye shows no low order trend in annual amplitude, 
die oscillations present merely reflecting ‘noise’ (Granger and Hatanaka, 
1964) However, the discharge annual ampbtude in the case of the nver 
Blythe (Figure 4 8) shows a marked declme during the penod 
1952—54, the reason being that this period coincides wiA the 
impounding of the nver upstream from me gauging site (Alexander, 
Trent River Authoniy — written communication) Such results clearly 
demonstrate that annual precipitaoon amplitude is a function of tune, 
and samples could be analysed to evaluate spaual and temporal chants 
over large areas The demodulated senes for the Wye at Rhyader 
(Figure 4 9) demonstrates the situation where a sigruficant trend in the 
prcapitaaon annual amplitude is absorbed by the basin system, the 
discharge component being trend free it is observations of this nature 
which serve to emphasise the gulf between small scale process 
investigations and latge scale system behaviour Moreover, increasing 
the sample sac of observations, dieieby ensuring better estimates, has 





ngure49 IJ'moduUtcd Jfrics - Rivw Wye (After Andfrwn 1975) 
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F^re 4 10 Log R(s)/S(s) versus logs for River Nile maaimunu (After Wallis and 
Mandelbrot 1969 ) 


current absence of a physical reason for the correlation charactensties 
engendered by ptocesseswith H # 0 5 (Scheidegger, 1970) 


Conclusions 

The use of time senes modeb in hydrology has been largely as an 
exploratory tool providing an aggregate picture of discharge character- 
istics Such approaches must be seen as tangentia] to system ^nthcsis 
approaches which have been successful m process interpretation at the 
smaller scale through attempting a process response framework for 
study Nevertheless, the behavioural characteristics of discharge and 
precipitanon in demodulation terms have yet to be fully explored A 
further factor which has ensured Aat such methods have not achieved 
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their potential lies in the sampling procedures adopted by gcomorpho- 
logists in their approach to physical hydrolog> Despite dealing wth 
spatial phenomena, the approadi towards spatial approximations of 
different vanablcs has been manifestJ} weak Altitude measures, for 
example, have typically been of an index nature (Evans, 1972), therebj 
failing to embody the important spatial memory’ properties of the 
original data (Anderson, 1973) Failure in this respect, combined uaih 
the strict requirements relating to muliicolineant) , has ensured that 
multivariate statistical methods in general and multiple regression m 
particular (equanons (3) and (4)), have played a verv restricted role m 
process response modelling However, in systems where detailed 
measurements arc not possible, for example the karst s} stem, input/ 
output analysis using cross-covanancc methods allows a broad inter 
pretation of the response charactcnstics Typically , it has been those 
areas of restneted data which have stimulated the greater amount of 
theoretical modelling, and karst condioons are now beginning to 
pro\ndc a focus for such acuviiy, resulting currently in spectral based 
models (Brown. 1973, Jackson rttf/ 1973) The longer term approach 
to inference at the larger scale is seen by some to involve delimiting 
areas of basins with similar ‘charactensnes (hydrologic*rcmonsc units) 
and attempting thereby to aggregate to ^e compl^ete basim having 
successfuUy modelled processes within such units (Strifner, Colorado 
State University — written communication) Inherent throughout the 
discussion has been the ambivalence in modelling between resolution of 
output and process response interpretation Adequate methods for 
comparing an^ cvaloanng the remte of 'cnj«K stochaOTc model! for 
sttcinflow series hase yet to be desised (Rodngoer Intrbeer «/ 1971) 
and vet models of this type pose fewer pottntol ptoblcms from this 
standpoint than those of the otocejtemonsc t)-pe m svhieh geomot 
pholonsts aspire Ctineism! of the Stanford svatetshed model mlaung 
» the non-umqoe synthesis of an unhnosen syncm emphasise the s-ety 
restricted role that statist, ea modds of the ^ outlined can 
ultimately play Time sene! and related models enable an insight to be 
gained into the smictun: of eomparainely long term msponses and 
occasionally of the sshole basin system, and as such merely proside the 
source of one possible standard against which comprehensne process 
response model! of the basin hy drologie system an be Judged 
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Chapter 5 


Water Action in Desert 
Landscapes 

Ronald Peel 


Although the first a«lisanon$ arose along their flanks the great deserts 
have been among the last parts of the Earth to be systematically 
studied. Even fi^ years ago large pans of them had barely been 
explored, and detaJed invesogaoons arc mainly a product of the last 
three decades Occup)ing a fifth of the non-Polar land area, and 
scattered thtough all the continents m middle and lower latitudes, the 
deserts displa) a wide range of geological build and history, a consider* 
able variety of climates, and great contrasts in their natural scenery 
Early interpretations of that scenery not unnaturally tended to be 
strongly influenced by the particular tract of desen penetrated, and we 
find an entertaining vancty C Sturt, for example, struggling across the 
repellent ‘Stony Desert’ m east-central Australia that bears his name, 
felt that no familiar sub-aenal processes could have shaped its homd 
surface, but that he must be traversing ‘the floor of some vanished sea’ 
S Passarge, on the other hand, viewing die endless burning plains of the 
Kalahari, was inclined to attribute their sculpture to solar heat shatter- 
mg the rocks and wand removing the pulverised residues ideas that also 
found favour with various early expiorcn of the hyper-and deserts of 
North Afnca and Arabia That rainfall and streamflow could have made 
any significant contribution seems scarcely to have occurred to many of 
these pioneers, for these were phenomena seldom encountered in the 
extreme Old World deserts Their introduction, and progressive eleva 
tion into the leading role, came mamly with the geological inv cstigation 
of the Atnencan Far West, for m that huge region lofty ram and 
snow-caiching ranges interweave with die semi-and plateaux and 
markedly and sut^n basins m a vaned and intricate network In the 
mountains powerful nvers could be seen sawmg out canyons, and 
seasonal floods continuing the dissection of the plateaux, while similar 
floods poured down occasionally into even the most desiccated basins 
Almost everywhere the impnnt of watcr-acnon was clearly visible, that 



Water AcDon in Desert Landscapes 


111 


of wind little in evidence outside the scatter of modcraie^ized dune* 
Helds Basing his ideas mainly on studies made in this region, W M 
Davis (1905) accordingly had no hesitation m putting water-action, 
powerful even if intermittent, in the leading place in his theoretical 
model of how landscape evolves under aridity Wind he relegated to a 
very minor supporting role until the phase of Old Age when, with 
diminished relief and rainfall, he conceded that it might become 
dominant Passarge’s InselbergLttjdicbaften, Sven Hedin s central A^an 
yardang-ficlds, and the huge dune-complexes of the Sahara and Arabia, 
he presumably assigned to this phase of his scheme 
The great expansion of exploration and study of the deserts ance 
Davis produced his paper allows us now to see roattere in wttcr 
perspective It is apparent that the North American dry lands are by no 
means typically representative of the and tones and Aat much larger 
areas than Davis perhaps realised display the sort of characteristics 
he attnbuted to ‘Old Age’ This is not to say, of coune, tlut thty 
necessarily acquired these by the evolutionary route he charted M 
regards present dominant processes, however, we must 
roughly a quarter of the more and terrain on Earth is ® 

dun^-fitlds or ergs, while wmd has erched distincme J"'' 
deeply cut patterns mto the bedrock over substantial 
of the mote and Kem-auHe In all these areas wind 
to be self-evidently in the ascendancy over water At the othn esmTO 
there are equally extensive areas where surface 
leave no doSt that water is svholly doninyt. but S 
are huge tracts of pebblcKlesert (reg) and other wtf«B is 

difficult to judge from surface appearances alone jun 
Foceas balance lies In these tones of 

generally inclines towards the dominance of wter, . r 

many smd.es m senu-and terrain have reveled " 

watcr-erosion, the lower frequency and ° balanced bv the 

compared with humid lands being more th^ c however the 

tedumon m vegetational protection As and, V 
relative power and area of ineidenee of S™„aS « 

and that of wind inaease. to some tomovet P”'"' 
have at present quite inadequate observaoonai ^ cmmncallv by 
point fo? different deserts, and attempts to pS 

mfercnce from observed features are compheat ^ of 

periods of different climate The identification an . ^ 

Qacies present the desert geomorphologist with problems both in 
tnguing and intractable 
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landscapes arc all m V'arying degree climatically composite Even tn the 
driest desert interiors residual mountains fc\eal abandoned ^vatcr-cut 
erosion-surfaces, and arc gashed major canyons from which radiate 
out\\'ards extensive drainage-channels, the whole being on a scale far 
greater than can be accounted for rte present restricted and episodic 
flow-events. The more distal portions of these old drainage-nets are 
today often part-obliterated, but are directed towards distant interior 
basms which commonly contain the dry beds of substantial former 
lakes Great areas of the intervening plains arc mantled by old alluvia, 
and debns transponed by former flash floods commonly fill the deeper 
tectonic basins to depths of thousands of feet. Many weathering 
features in the deserts, together with secondary superficial formations 
like the v’anous duricnists. are widely held to have required for their 
formaoon substantially more moisture than is available today, while the 
very sand of the great dune-fields is believed by the majonty of 
students to have been brought together by water, and only sifted and 
built into dunes by the wind Most of the relict features pointing to 
greater former humidity have been attributed to pluvial phases m the 
Pleistocene, but views differ widely on the number, duration, timing 
and spatial extension of such claimed pluvials An equal diversity of 
opmion characterises ideas about their causation, their connections 
with the glacials and tnter'glacuU of higher btitudes, and the degree of 
cbmatic change involved Attempts to quantify the last pouit have 
usually involved calculations of the degree of change in the present 
water balance needed to restore inland desert lakes the size of Bonne- 
ville and Lahontan m the U SJL. and Mega-Chad and the expanded 
Makankari lake in and Africa, both of which at their maxima matched 
the Caspian Sea m size Unfortunately such calculanons involve at least 
two vmknown variables, preapitaoon and evaporation, and estimates of 
the chMgc m dumte necessary vary widely accordmg to assumptions 
made about rulmg temperatures, or rainfall, or both 
The pmsibilities of inhenianccs from earlier penods are not, how- 
ever, confined to the Pleistocene and features carved or built in wetter 
conditions. All fte evidence available seems to confirm the widely held 
«cvy that as aridity mcrcases. so the overall rate of landscape change 
declines and the logical conclunon would appear to be that, cetens 
panbus. It is m the dnest regions that we are most likely to find 
^minified of former landscapes of the greatest antiquity 


Consistent with this, daims for 
made on many occasions ii 
Mesozoic survivals have been 


surviving Tertiary surfaces have been 
ill the Sahara and elsewhere, and even 
- suggested (Biroi, Capot Rey and Dresch, 


ioec\ TUI . \uuui, ujpoc K.cy ana ui 

1955) To balance the inhcnted features of Pleistocene or earlier wetter 
ph^. ag^, we have plenty of evidence of long penods of earlier 
rn^ty at least as severe as anyihmg known today, and such evidence 
long^bated mterprctaoon of the Qattara 
Uepression and other major hoUows as wind-cxcavated. and equally on 
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the antiquity and palacoclimanc rdations of the great arcs of sand 
stone yardangs m Borku (Peel, 1970 Mainguet, 1973) Consideration of 
these matters must introduce doubts about the v’alidity of some 
schemes of ‘chmaoc gcomorphology', for as Stoddart (1969) has 
pointed out, we have no generally accepted entena for disnnguishmg 
geomorphic as distmct from cbmacc aridity But case-srudics of 
gcomorphic mterpreunon in the deserts, and mferenccs from 

them, arc further compheated by the common lack of reliable cvndencc 
for daung Without a certain base-lmc against which to measure 
features, and to infer process rates one is all too often left speculanng 
whether an observed feature is to be wholly attributed to the present 
climatic regime, or regarded as a someivhat modified reidual from the 
Pleistocene, or from even earlier This scarcity of reliable means of 
datme features, or phases, is certainly one of the major difficulties in 
deser? ivork But an equal handicap is imposed by the ^ent sparsity 
of reliable measured data about the activities of the different processes 
at work today modellmg desert landscapes, iheir respective contnbu 
nons to landscape-shaping and overall rates of change 

Present day hydrology general charactenstics and available datt 
As commonly defined. Indity commences whae mean annu^ precipi 
tttion is matched by evapo-iranspiration which in pnneiplc implies 

CJhJre can be no ^neral network I^SXIen^ 

n«ri>nni 9 t mers as pass throu^ the deserts are exogenous 
iawng Anr from beyond the deeer, eonHoea Io5jn| water 

(oftVn heavJy) m their deaerr transeeB, and mnoenemg landscape 
Solonon only in narrow bands alongside dieir channels Endogenous 
SamaeMystem are periodic, intermittent, ot epis^ic m their How- 
remnies^d although in many deserts tjuite a number discharge to sea 
u - a high fraction arc arranged ccntnpctally around 

when in basins. It has thus often been stressed that and lands 

Sve°”no common base-lesel of waler-er^ion' (whatever the reJ 

m'S^dLS'y E de Viirtolr«'92TeX“S '3ia, 
^r-thitd of^ Earth’s land-surface has endoreic (mtcnoobasin) 

aboutone-th td otme . (,„j, 

^I'r^^e Srth’i and fmrtion is eomeidcKtal. tor b, no means all 
Sd'dimed eSoreieally is and. Agam de hUrtonne’s figure of 23t of 
IS 1° ds as ateie. ot lacking organised diainage-5>-siems entnel,. has 
Uwl kmirl fo be cxccssi\c Leaving these pomts aside, however, these 
h ” etensucs of the dry lands present unusual difficulties for the 
cnaract regional erosion rates. Those relating to wind-eronon 

the scope of this essay, but as regards watcr-aaion a basic 
^J^a jj rbat usually there arc no major trunk nven collecting the 
off ^d water-transported rock wastes from Urge terrain dntsions. 
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To obtain mean rates of material removal by the conventional methods 
would require sediment and solute load gauging on dozens of small 
independent systems for even one drainage-basin, and a repetition of 
the whole process for the next The only altemativ e vrauld appear to be 
miCTO-measurcment of the rate of upward growth of the suriace in the 
central playa, but even if practicable this would in all probability be 
most misleading since in most desert basins only the exceptional flood 
now reaches the central playa at all, while due allowance would have to 
be made for wind removal from the playa in dry penods, and for com 
paction But in addition to these intrinsic difficulties there are the 
practical problems resulting from the intermittence of water flows, and 
their brief and unpredictable occurrence In the semi and fringing lands, 
channels and arroyos may flow several dmes a year and in roughly 
predictable seasons, but as aridity increases both regularity and fre- 
quency dwindle, until at the extreme channels still technically live ma> 
lie dry and inert for years on end, and then spring briefly mto torrential 
life In lands largely uninhabited, remote, difficult of access, and 
presenting formidable financial, l^stic and often political problems for 
protracted visits, the practical diff^Uies of securing adequate quantita 
Qve data about shon lived water-events need no elaboration Such data 
as are available not unnaturally vary a good deal in completeness and 
reliability, and are mainly confined to a scatter of more accessible 
locations 

Even in the basic matter of precipitation it is not always realised how 
limited 15 our informauon for the great deserts In Britain the mean 
density of the recording-station network is roughly one observing point 
for each 40 km^ In the U SJi. as a whole, ihe figure is some 600 km * , 
but is markedly higher in the and south west. For his important study 
of Saharan climates, however, J Dubief (1959, 1963) could find only 
about 125 acceptable records scattered unevenly over an area larger 
than the entire United States, giving a mean station density of about 
one per 26 000 km* In some areas there were gaps of 1000 km 
between sutions The situation is not much better m some other 
deserts Over much of the terrain we thus have no proven information 
on how much rain reaches the ground, while many records are deficient 
m details of ram duraoons and intensities We thus cannot locate with 
certainty the driest spot on Earth' Various stations m the coastal 
Atacama desert, and in its continuation mto southern Peru have 
recorded penods of up to fifteen years between measureable rams and 
in the driest parts of the Libyan Desert Bagnold (1954) estimated, 
from mdircct evidence, that the mean rccurrence-mterval of rams 
sufficient really to moisten the ground might be as high as three 
decades, but we do not really know Remote-sensing data from orbiting 
satellites may h^p to Tdl the gaps for micro-wave sensors can yield data 
allowmg some estimate of quantity of precipitation as well as occur 
renee Tor the hot deserts, however, one must remember the rapid 
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re-cvaporation of falling ram as it enters the superheated air laj ers near 
the ground Most desert travellers have experienced the cunous sensa- 
tion of standmg under heavy ram visibly streaming from low clouds and 
not receiving a drop This phenomenon must contribute importantly to 
the extreme desiccation of many desert lowlands and superheated 
basins 


Runoff generation 

For assessment of the contribution of water to physioOTphic change in 
the deserts basic precipitation data are, howesef, om> the startin^point 
Light showers, below the runoff threshold, are significant only in 
maintaining moisture-supply to the slow processes of rock weathenng, 
and in that context may be augmented by night d«vs In some 
localmcs. indeed, as m Namibia, the coastal Atacama, and (surpnsmgl> ) 
pans of the Negw Sinai descit. annual dciv precipitation has been 
measured to eejeed that of rainfall There are still great areas of 
uneertainty and argument about the ttlanve importance of different 
factors and procestes in desert tscathenng, and u-e hate all too fett 
reliable figures for cates Such as exist point to perhaps the lott«t rates 
m the ttotid, and direct coirelation tmh tnoismre-aiailabilit>, a 
point which would support the trend of modem vietts in asi^ng a 
Itcy role to moisture in the development of t)pical desert feamres like 
desquamation, case-hardening, the growth of wcaihennMits and 
ufoni, surface vermiform mstW and the development of the vanous 
desert varnishes. But for movement of matcmls awa) front the site of 
tveathenng, 1 e. transportive erosion, water mn only enter the picture if 
ramfalls exceed the local runoff ihrmhold, md m conditions where 
potenual annual evaporanon may reach seteral metres, and large areas 
ire Manketed bv incoherent sands and grstel, one would expect such 
thresholds to noisbly high SIstyer and AUbbuit (1955) have mdeed 
esumated that not mote thui in of the rams tha fa 1 tvtthin the and 
rone produce any nmoff at all Yet a nitpnsingly large fraction of 
desert surfaces display patterns of recent water How and deserts are 
notonousfor their propensity to engender detouring Hoods 

As regards the former point, a few atienipts hate been made to assess 
the framons of dcscn surfaces cutrentl) undergoing overland fiow 
c loS VanouS studies in sulearid counny of New Mexico and 
. that Mrtuallv all of the terrain there is currentlv being 

ttatmmodffied (and often rematkahly quick!)) but few of the major 
H^ms seem to hate been studied on these lines Tor the Sahara 
, , rv,.hii-f M965) conducted a survey from maps and air 

IShotSpits, and concluded that about one-thud of that desett is tods) 
Endlong actwe ■niisscllement’ on a scale sufficient to be reeognissble 
on^SSt media, lie felt that perhaps mother thud is undergoing to 
ficquent and copious wster-aaion. insufficient to develop reeognissble 
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patterns on atr photographs, while the remaining third is probablv 
under dominant \vind-conrrol Ram docs, of course, occasionally fall 
over this last third, and Dubief illustrated recent rain-gullying on 
dune-flanks in the great ergs, but such traces would be very ephemeral 
The conclusions reached by M Teissier (1 965) for the Algerian Sahara, 
based on ground evidence of the scale and frequency of flows in 
established wadi-sy stems, accord well with those of Dubicf The Sahara, 
however, 15 one of the driest of the great deserts, containing three- 
quarters of the ‘extremely and* country on Earth according to Meigs 
(1952) Most other deserts could be expected to show much higher 
hacuons of giound under occasional waict-action 

The flooding propensmes of deserts are attested by a mass of 
evidence, although for fairly obvious reasons little of this is coldly 
scientific. Whole villages m and lands have not mfcquently been ivashed 
away, as m southern Tunisu m 1969, while desert cities have also been 
invaded A major flood damaged some quarters of Cairo in 1919, and 
Lima has also been severely hit Dislocation of communications by 
floods m deserts is commonplace, and railroad records in the U SA. 
show that quite often mote than half of the recorded track washouts 
occur m the driest States of the Union. Such events have led to a 
widespread belief that when it does ram m the deserts the falls are 
always of torrential intensity , but the available records by no means bear 
this out. ‘Cloudburst* rams do, indeed, occur, even m ^e dnest lands, 
at long and cttitic intervals Thus ui 1925 at Lima, where the mean 
rainfall is 48 mm, 1524 mm of ram fell m a senes of abnormal storms 
Tamanrasset, m the Hoggar Mountains of the Sahara, received m May 
1933 48 mm of ram m 63 mmuies, while Aouzou, m Tibcsti, received 
m May 1934 the astonishmg quantity of 370 mm of ram in three days, 
H3 normal ration for about twelve y cats In somewhat less and terram, 
Abce Spruigs, in central Australu, whose mean annual receipt is some 
250 nun, has on a number of occasions received more tiian this m three 
or four days, as during the exccpoonal storms and floods of norih- 
eastem Australu in January 1974 But such falls are distinctly abnor- 
mal, fallmg mto the category of ‘catastrophes’ as defined by Wolman 
and Miller (i960) Slatyer and Mabbutt (1965) found that such 
abnormal rams aic much more common round die margins of deserts 
than in their interiors, and detailed analyses m various deserts have 
shown that usually 50% or more of the rams received fall m gentle 
showers of very mi^erate mtensity For the whole of the Sahara, Dubicf 
(1965), after a careful analysis concluded that mean ram intensities 
over the desert were little higher than those in France, and m the 
relatively well-documented Amencan west the records indicate that 
wen the heaviest summer falls sddom approach m volume and intensity 
the rams accompanying humcanes stnkmg the Gulf coast and the 
eastern seaboard Major floods do, mdeed, often appear to have as a 
contributory factor unusually widespread rams, especuUy if they should 
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fall across a large concentrating catchment The 'fifty year flood which 
sivept down the Oued Saoura from the Saharan Atlas m April 1959 
resulted from rams conunued over several days which, although 
nowhere particularly heavy (maximum point fall recorded was 80 mm), 
nor particularly mtensive (peak mtensity recorded was 8 mm m 20 
minutes), fell over an area as large as Western Germany, with a large 
fraction falling withm the Bechar Zousfana Saoura catchment (Vanney, 
1960) But we have plenty of recorded violent floods resulting from 
much lesser and more short lived rains 


The effects of terrain charactensocs 

If the rapid generation of desert floods cannot be attributed to 
anything ^cpnonal about d=m ratnfall, Iha annttn inutt he m 
chatactcrumcs of tho tetratn Thia has long bacn b> .^ny 

students of the deserts and recent research in Ittael has both confirmed 
and clarified the belief Among many conmbutoty factors two seem w 
be paittculatly important the normally very slow rate of d«OT 
tveathering. and the greatly reduced vcgclalional cover and quantity of 
edaphic iffe Slow weathering rates with physical disintegration 
dominatmg over more extreme chemical alterations, leave much oft^ 
terrain ve^ thinly veneered with regolith, pamculatly on the stcepff 
htllwlopesTwindwienation and periodic tarn wash sweep away the small 
ouSS of fines developed so that these slopes typically show a 
quantiues or “ exposed bedrock, scattered with coarse 

much ^‘f^J5 P.J^--p^ 3 blcsfopesm humid climates The scantiness 
of Satio^ to hold lo^osc matcn?hn place « no doubt a contnbutoiy 
faeJS The permeability of these steeper rocky slopes naturally vanes 
‘ wu [ nnrf <micturc. but many would appear to ha\c rather low 

wath htholo^ and threshold has 

bfer^tiltdei oi genUer slopes regolith and soil th.ckn^ w^l usually 
peen cxcecu hur here other faaors come into play The sparse 

vegctational c Pj feed m of material to produce humus Soils 
w^ter, "•'J ° ^ ^ly^osols. almost enarcly mineral, and often dense 
texture Minimal disturbance by plant roots, and a 
and compaCT population contribute to this compactness, 

^K^t^^rn Tow^ounnomrnan^^^ l 1 p^^ard soil-s«ter movements 
while on 1™ f depus, t'lon of salts which may over 

comity tSeken up from scattered crystals or lime nodules to thick 
long pe^ th'ckcj^ p^ 

SnonT’JTsouthetn Israel indicate, however, that the most impottant 

Mtemioli'hSof'en'Sen town to the tendency of desert surfaces to 
J iLw d-nun of vinous tvpcs (Gerassimos, 1961), but the most 
^"de^ead and imporunt appears to be a mechanical crust developed 
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by repetitive ram beat and drying Virmai absence of interception by 
vegetation allows ram to hammer the surface with maximum force, 
while fine particles are re-dismbuted by splash to lodge m pore-spaces 
The process is analogous to puddling produemg a crust one or two 
cetiumetres thick, and with greatly reduced permeability Studies at the 
Avdat Expcfimentaf Parm m the Negev have shown that whereas on 
disturbed ground infiltration rates may reach 10 mmfhour or mote, 
where this crust exists the rate is reduced to about 2 mm/hour, and any 
tain at a rate m excess of this is Ukely to produce overland flow 
Interestingly, it was found that the mfUtration rate appeared to vary 
directly with the density of stone-cover, for the small patches of soil 
below the stones were protected and did not form the crust Air 
trapped in the layers below the crust could there escape, forming 
vesicular patterns and permitting faster mfiJtranon At Avdat it was 
found that by hand picking all the surface stones off a patch of ground 
the permeability was quicUy reduced after a few rams, and the runoff 
or water yield appreciably increased A further relevant factor is the 
fracuon of swelling clays m the surface layers, for dunng dry spells 
these contract and crack, dividing up the crust and mcreasing initial 
infiltration at the next ram As Aey moisten and swell, however, the 
days seal the cradcs, mfiltration decreases, and runoff markedly 
augments (Shanan, 1974) 

These conclusioni from southern isrsel offer dues to various 
phenomena that had long seemed puzzling For example they confirm 
observations made elsewhere that low-angle slopes often seem to 
generate greater runoff yidd per unit area than steeper slopes, slices of 
1—2® commonly yielding twice as much water as those at 20*^ The 
explanation proposed u that on the steeper slopes particle mobility, 
removal of fines, and other factors inhiDit the development of the 
low-permeability crust. Again, rain-inicnsincs in excess of 15 mm/hour 
have been found to produce a lower runoff yield (proportionally) than 
those in the range 3— 10 mm, apparently because the high intensity 
ram damages and may break op the ciust. The importance of this 
mechanical crust is further indicated by a study by A Yatr and others 
in a small catchment near Sede Boker in flic Negev where it w^ found 
that a certain section of the ground persistently yielded less runoff, but 
more eroded fine sediment, than the remainder Study revealed that 
this patch contained a particular plant whose roots seemed to be a 
popular food with isopods and nocturnal ground porcupines Their 
diggings for the roots broke up the crust, and threw additional fine 
material up to the surface (Yair, 1973) This underlines a point made 
earlier, the significance of the total hek of earthworms, and a much 
reduced soil population, m the more and areas Equ^ly, in the 
sparsely-inhabited open desert tracts the small number of larger 
surface-animals must lead to minunal disturbance of the crust by 
treading. The Israeli studies show substantially greater infiltraQon-rates 
m wadi floors than on open hiH-sIopes, by a factor of 3 to 5 This can 
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presumably be attributed to the deeper laj er of mobile matenals on the 
wadi floor and its more frequent disturbance both by floods, and by 
the hooves of animals On the other hand m very remote and 
unfrequented desert wadis I have often noted a thin hard coating of 
fine sand and silt, lightly cemented, left by the static final evaporating 
Nvaters of the last flow which, assuming it remained undisturbed, could 
well form a short lived seal assisnng the progression of the next flood 
by reducing immediate infiltration and preventmg the egress of trapped 
air In contrast to humid countries like Britain, where the antecedent 
moisturc'State of the sod is a hi^Iy significant factor in determining 
whether overland flow develops or not this factor is usu3ll> 
n^hgible in the deserts Rams are separated by such long infen-als that 
It would be most exceptional for the ground to be other than bonc-dty 
prior to a new rain-cvent and most rams penetrate the ground only to a 
very shallow depth At Avdat it was found that even after an 8 hour 
wadi flood the water had moistened the alluna only to a depth of 8 cm 
On open hillsides the wctting-depth seldom exceeds 1—2 cm, and with 
daily evaporation rates of J— 5 mm the moisture is soon withdrawn 
again These figures support the w'ldely-accepted generalisation that in 
the and lands surface water flows arc normally immediate and short 
lived reflections of purely surface runoff with little if an> longer term 
base-flow from seepage Very little of the normal rainfall over the low 
ground in the deserts makes any significant contribution to deeper 
groundwaters, which are often mainly fessd although mountain rams 
may afford small reptenishments Surface-flow hydtographs are thus 
typically of the exaggerated ‘flash flood’ variety 

These observaaons and measurements from Israel confirm, and lend 
precision to, general conclusions that have emerged from vanous 
sources over the years Thus Burmisrer (1P52> published tables relating 
permeabihtj’ to the percentage of fine panicles in surface materials and 
Schumm (1961) found this factor to bcofpnme importance m studies 
of sediment erosion and deposition in ephemeral washes in the 
south-western United States Vanous studies bj Amencan geologists 
have indicated that infiltration rates, and hence runoff thresholds, show 
perceptible variations on alluvial fans in the dry counny according to 
their ages older Pleistocene surfaces bemg markedl> more water 
repellent than those more recently formed (Hunt et a/ 1966) A higher 
dc^ec of compaction and surface^rustmg profnblj accounu for the 
difference Much wwk on the infihration-ratcs and water-absorbing 
capacities of different soils m Australia also supports the view rbat the 
physical composition of the upper skm of the rcgolith is the factor of 
prime importance m dr> land mnoff-gcncraiion 


Runoff thresholds 

The factors discussed would seem to hold the kc> to the apparcntl) 
rcmarkahl> low runoff thresholds obtaining in man> desert terrains 
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ttiiich allo^^ rapid and copious flooding to dev elop from rams m no way 
exceptional but convicoon demands supportmg quantitative evidence, 
and at present this is hard to find In 1967 the I G U And Zone 
Commission, at the author’s suggestion, considered attemptmg to 
classify desert surfaces m terms of present-day hydrological actmtj by 
combiiung cxistmg prcapitanona! data with representative runoff 
threshold values for different kinds of terrain, but verj few of the latter 
could be found (Peel, 1967) As early as 1935 L.J Sutton (1935) 
estimated that on ‘average ground* in Egypt runoff could be approxi- 
mated by the formula 

E = 075 (R-8) 


whwe E IS the expectable runoff, and R the day's rainfall, both m mm. 
Dubief (1965), from Algerian expencnce, concluded that on non-sandy 
terram runoff could be expected to occur from any ram m excess of 
5 mm, provided that the mean uitcnsity exceeded 0 1 mm/mmute. This 
IS a value well above the threshold found to hold for crusted reg at 
Avdat. pie extensive range of catchment studies that have been 
instituted m Israel m recent years are, howevCT, beginmng to provide 
Mme range of representative figures On steep debns-covered crystal 
line r^ m Si^ Yair and Klem (1973) have reported obsmnng 
runoff to Stan after 3 mm of ram bad fallen with a minimum intensity 
ot i mm in 3 minutes, this threshold bemg reduced if the ram starred 
while the rocks were still vvec They found, however, considerable local 
vamuons with factors of geology, slope, exposure etc, and suggest that 
for more general application a fall of 5 mm wnthm one day is“ kely to 
be the minimum required. Schick (1970). from a number kstudi«in 
the Negev and concluded that ‘conditions for inapient runoff 
scein to be satisfied by a vancty of conditions of rainfall intensity, 
^fall amount, and mtecedent moisture’, alihouA (as menDoned 
a^e) in real andity the last faaor should seldom obtrude It should 
p«haps be mennoned that although of the greatest mtcrest and value 
study-programme has more practical 
bjcctwes Much of the information has come out of studies m 
«penmenial cultmuon m the 
«^tiaaon of flood-hazards at desert settlements and on 
Key roads arc other objectives. 

Of sp^tul psnims uid 
ranoff-ptoduong ninfalls fiirther, unpor- 

!hc ■■'““bly spotty’ in dntnbnoon, 

»ff'™"8 ™ly sinsll area for bnrf poiiods, but ibo 
y" ■'<>"' that have produced 
“f ■itff't'ttoes between dVsett and 

"O'— 
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Forms of runoff and their effects 

A number of general descripuons of and land water flows have been 
given (eg Jahns, 1949, Londermilk, 1953 Hadle}’, 1958) and many 
terms employed, but the latter have not always been piecisel) defined 
N M Fenneman early distmguished between ‘eoncentrated’ and 
‘uneoncentrated’ wash, the tettns ‘sheet wash' and 'riU work’ hate been 
used freely, and Davis (1938) proposed a distinction between ‘stream- 
floods' and 'sheet floods', adopting for the latter form the term 
populanscd by McGee (1897) In efforts to find an ctplananon fot that 
vety charactctistic (though by no means uniscrsal) feature of the and 
lands the abrupt angulat junenon ot 'knick' between low-angle pied 
mont surfaces and the abrupt faces of mountains, a number of authors 
notablyL C King (1949), have postulated a change-over in the form of 
flow at this pomt King suggesting that the tutbuicnt flows down the 
mountain faecs became lanunar at this junction Other obOTers have, 
however, contradicted this (and it seems highly imptobable, given the 
velocity limits on laminat flow m wutet), while if advanced as an 
explanation of the genesu of the knick, it would appear to hate 
transposed the hen and the egg Apart from slowlj-creepmg moisture- 
films all types of desert flow would seem to be at least semi tutbulent, 
obsetvable differences being caused b) sanations m controlling para 
meters All no doubt grade into one another, but for descnptise 
purposes it may be acceptable to take distinction and 

apply It on nvo scales, dividmg dispersed wash from rSI-work, and 
stream floods from sheet floods f , , , 

Diseentd tiash is a type of surface (low made up of a muintude of 
individually small and vety shallow mtertssaning nbbons of water svhich 
commonly develops over the whole of gently inclined surfaces when the 
mfiltration rate is exceeded Indmdual threads of water tend to migrate 
laterally so that most of the surface gets worked user, and wathin the 
limits of Its competence dispersed wash erm transport large amounts of 
fine material It would appear to be the mam agency penodically 
removing accumulated weathennefines from scarps and so assisting 
their rcmcaL In their smdies of the Frijolles arroy o system near Santa 
ft Nmv Mexico, U B Uopold and ho coflabomtois (Uopold e, al 
1966) found that dispersed wash conmbuted by the greater part of 
the sediment moving dovsTi the channel system, and many other studies 
Sve suDDorted this IViih the increase of volume dovsTihill on long 
clones the sheet wush nu> concentrate into nils, to gne 

rcnMman’s^'concentrated form riUs may dig their channels 

a metre or more into the ground but on the longer timescale the rills 
may also migrate laterall) , possibtj b> the sort of mechanism that 

food can be thought of as a macro-form of the nil flow 
in that it 1$ normall> generated in nill> or mountainous countrj and 
rushes down a confining canjon or wadi as an isolated event often 
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spaced out at long and irregular mtcnals In a large canyon-sy’Stem, 
with extensive catchment, the flood may pour down the previously- 
dry valley with a steep wave-liJ.e tont, trams of succeedmg waves or 
surges marking the contributions of nflnitaries Thedischargc-curve leaps 
up from zero to a peak, perhaps followed by other peaks, before 
droppmg back more slowly to zero Durations of such flows can last 
from a few hours to days or even weeks, accordmg to the size of 
catchment and duration of the ram TTicir frontal waves advance with 
astomshmg speed, and as wadi beds and banks are usually copiously 
provided with loose materials they pick up vast quanDties of rock 
wastes and debns. The concentration of load may indeed reach such 
high figures that the flood becomes effectively a debns flow In such a 
flood m a wadi tnbutary to the Arava nft in southern Israel Schick 
(1971) recorded a mean flow-veloaty at the peak of 7 metres/second, 
and mean sediment concentrations of 25*^ with an esnmated maxi- 
mum of 50% Such figures overlap into those of true mud flow's (Sharp 
and Nobles, 1953), and the vastly mercased mean density and viscosity 
gready mcrcasc the transportmg-povver of such floods Particle scttlmg- 
vxloaoes arc much reduced, and ‘the submerged weight of a rock is 
reduced perhaps by over 60%’ (Hooke, 1967), so that huge boulders 
can be transported and are sometimes cam^ out mto the plains 
During their spasms of activity stream-floods thus cany out a lot of 
physiographic work very quickly, but the shortness and vanable timings 
and magnitudes of their flows offer btdc oppertunity for the devdop* 
ment of equdibnum conditions Their valleys thus typically show 
marked ineguUnnes in thalweg (particularly in the upper portioiis), 
while as weathermg-rates are typify very low, valleys tend to remam 
gorge-like m cross profile Vanations in lithology and strucnirc, how- 
ever, may combine to produce a wide vancty of valley forms 

Emerging from their canyons on to the piedmont zone stream floods 
commonly break up into diverging distnbutaxics, individually broad and 
shallow and lable to shifa of position, as the flood traverses the 
charactcnsnc alluvial fan or pediment Factors often cited to explain 
this change mclude the removal of the restraining canyon walls, the 
beginnings of reduenon of discharge, some reduction of gradient, and 
consequent ‘overloading’ («e), but the complete explanaaon does not 
appear to have been elucidated Typical of this zone, however, is the 
relative shortness of the distance wilhm which the flood dianges over 
from being dominantly erosrve-tran^oruve, to being doininantl> 
depositional The critical transition point, moreover, can migrate back- 
ward up the wadi ‘estuary’, or advance into the fan zone, with sli^t 
changes in the balance of condiaons (Hooke, 1967) Fans and pedi 
ments, although distinguished in principle as respectively constructed 
and eroded, arc often morphologically verj’ similar, serve much the 
same hydrological purpose, and may grade into one another Both stjU 
present problems of explanation, to solve which some students have felt 
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It necessary to invoke climatic change, for example LusDg <1965) m 
relation to alluvial fans along the Californian edge of the Great Basin, 
and Oberlandcr (1972) to explain the classic Mohave Desert pediments 
Some fans and pediments remain superficially rcmarkabl) smooth, but 
others currently display deep dissecnon by arroyo-likc gullies Studies 
by Cooke (1973) on the histones of arroyos in Arizona have shown 
how delicately balanced hydraulic conditions can be in this transition 
zone, and how apparently trivial changes can locally suing water flows 
from aggradation to erosion and vice versa 

Not all mountain piedmont junenons, however, follow this pancm 
In some areas where plateaux of massive sandstone rise from flartish 
plains, both wadis and wadi piedmont junctions show intriguing rela 
tionships as described by Peel (1962) in western Tibcsti andMamguet 
a967) in western Ennedi In both of these cases successive uplifts have 
elevated the Lower Palaeozoic sandstones and the edges of the 
sandstone beds, almost horizontally bedded and cut by several sets of 
near vertical joints, have retreated to form steep cliffs Detached 
outliers m various stages of back vvcatheruig and dissection, range from 
flat topped mesas to tall slender rock needles, while m the plateaux 
themselves almost veracal walled enntn gorges have been deeply cut in 
patterns governed by the gcometr> of the joints and faults In the steep 
walls of these valleys sub-vertical joints can be seen to have been ffoded 
out deco below the plateau surface into a network of pipes, wnnels and 
caves, aUd m heavy ram on the plateaux most of the water flows down 
the opened joint planes to gush out of the subterranean honeycomb at 
ennm floor level The mam tnnens, ihcir floors mantled with sand 
merge into the surrounding plains without the mtervwtion of wy 
perceptible fan or pediment, and the groups of isolated rock needles 
So often nse from virtually flat surfaces with little or no pediment 
The keys to this kind of development appear to be the permeability of 
the sandstone down its h.gh-angle joints and the fact that on UMthw 
mg It produces no particles imcmediatc in size between 1^ blocks 
and coarse sand The extent of the development of subterranean 
drainage to a degree normally thought to be confined to limestone, also 
deserv«’comment In connecaon with this kind of sandstone plateau 
country a further point of probable imporunce relates to the effects of 
rainfall seeping down through the strau to emerge close to the 

D.S 11941) suggested this as a possibly important factor 

rcccntl) SchSmm Ld dorlc, (1966) 
have emphasised it as well in studies of scarp-retreat around the 
Colorado Plateau Twidile (1967) and others have also appealed to the 
nersistence of moisture, and hence a higher weathcnng-ratc. to explain 
the sharp angular knick between domical inscibergs and their surround 

fourth distinctive type of desert water flow identifiable would 
seem to be the sieer pooJ, which might be described as dispersed wash 
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on the grand scale The classic desenpuon of a sheet flood in. action was 
given by McGee (1897), while Jjtson (1914, 1919) early desenbed 
Australian examples. Subsequent descnpttons arc not, however, particu 
larly common, for the phenomenon seems to occur somewhat rarely 
Intrinsically the sheet flood appears to be a far flung moving carpet 
of water spread out over a tract of desert, sometimes more ih^ a mile 
wide, resultmg from a sudden heavy downpour A few descriptions in 
the )oumals of explotets speak of the entire landscape being inundated, 
but this must be very exceptional In the case described by McGee the 
flood developed from a severe thunderstorm over an area of hills, and 
presumably was initially a stream flood confined to their valleys, but 
spread abroad on emerging to flow over the pediment zone It consisted 
of a network of mienvcaving shallow flotvs, several metres wide and up 
to 30 cm deep, above which minor hdiocks and bushes emerged 
Heavily charged with mud and debns, it advanced rapidly wth a rolling 
motion exhibiting transverse waves and elongated patches of scour-and 
fill As the fluidity decreased the movement rapidly slowed, with 
numerous blockages and spurts, until it came to rest and all the water 
disappeared. Exammaaon of their traces shows that sheet floods can on 
occasion attain a width of several kilometres, and by repetition they 
must intermittently carry large volumes of detiims towards bolsons and 
playas Earlier theories explaining the fonnation of pediments by their 
action seem, however, to be erroneous in that a fairly smooth 
low>angle slope must exist before water could flow across it in this 
fashion. Sheet floods seem to grade into the related phenomenon of 
mudflows as desenbed by Blackvvelder (1928), but as they are difficult 
to catch and study in action we can only guess at flieir frequency- 
distnbutions from the traces they leave 


Magnitudes and erosional effects of surface ^o^vs 

Having described the main kinds of surface ivater action m the deserts it 
IS frostranng not to be able to furnish more quantitative information 
about magnitudes, frequencies, and resultant erosional effects A few 
illustrative figures may, however, be quoted 

In the central Australian floods of 1967 the heavy rams over the 
eastern Macdonnclls and around Alice Springs sent huge volumes of 
water south-eastwards dowm the Todd, Finke, and Neales rivers Water 
invaded the margins of die Snnpson Desert and lapped between the 
dune ndges, and some six iveeks later a modest flow reached Lake Eyre 
via the Macumba channel, having travelled 650 to 800 km Normally 
dry, the Fmke river overtopped its banks to an average width of several 
kilometres, and was gauged at one point to be 6 95 metres deep Its 
peak discharge vvas estimated at 1200 m* /second, and in its upper parts 
its peak mean velocity reached 3 m/sccond Many badges on the Port 
Augusta— Alice Springs railway wctc swept away, and communications 
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severed for weeks over huge areas (\Vilhams, 1970) In the 1959 flood 
in the Oued Saoura, Algerian Sahara, an estimated 2 x 10' m of 
water poured down the mam channel mto the desert, with peak flow on 
emergence from the mountains of 4000— 5000 m^ /second. This had 
diminished to about lOOOmVsccond at Beni Abbes, 120 km down 
stream. Peak veloaties were csomated at 2 4 m/second at Abadla, 
3 1 m/second at Bern Abbes, and 3 4 m/second at Kerkaz, this down 
stream increase being attributed to constriction in the valley (Vanney, 
1960) This flood ran some 400-500 km mto the desert before coming 
to rest, and would seem to rank with major historical floods m this 
system The longest flow on record reached some 800 km from the 
mountains (Dubicf. 1965). but even this is only two thirds of the 
distance to the sunken sebkhas of Tidikelt towards which the Saoura 
channel appears to be directed, and which were no doubt reached by 
Pleistocene floods One point of interest about these major and 
far travelled floods is hosv they survive to reach sueh disauces despite 
the very high rates of ivaterloss Dub, ef (1965, 1967) has su^ested 
that a contributory factor could svell be thetr generation of > P™e«ive 
nuero-climate to the form of a blanket of near^saturated air abote them 
oreventme rapid diffusion and so reducing the evaporaoon rate 
^ regids the quantities of rock wastes moved mtermittenll> down- 
hill withm the deserts, and here and there exported to sea from them, 
these various kinds of occasional svater-now, we have so far 
SjeSy little information In the last decade or two th« has been a 
Sked r«ival of .merest in comparative reponal or tonal notion r t= 
m relation to factors of climate and. to some degree, of re leJ 
SjmMrativc ubles and graphs on a xvorld basis have been P/c^uced by 
Corb^ fl959 1964), Wolman and Miller (1960), foumicr (I960), and 
Strakhov (1967), plotting mean erosional rales against climatic and 
relief criteria. That the corrclanons displaced \ary somewhat bcnsccn 
these abulations n scareelj sutprwmg, gwen the simpl.r.eauons neees 
saty and the limitanons of the raw dan. but all a^ee in da>m.ng a 
mVkedlv high rate of wmer^rosion to eharaclense the sem. and Ian* 
whereas m the teall) and deserts the rate drops away rapidly to world 

, . ,1, The dita for the scmi-and lands used m these summines 

Keen lireclv those available from the Amencan South West, and 
«em™ng fmrthe field studies of Uopold. Laugbem, Miller. Fmme... 
Sehumm and others m direct measurement of sediment innspmt by 
anoyo flows, together with meamremem of sedimenution-ratn kh.nd 
dams and in reservoirs. All the dan mdunte an astoniAingly high ta e 
m watererosion in the form of suspended sediment, although rclam el) 
mtk soSn removal (Iwopold « «/. 1966 Ungbem and Sehumm 
,Q 50 \ -The accepted explanation has earlier been indicated that up to 
rcertain point, at least, erosion by water increases «ith increasing 
dm betausc the rcduaion of \cgetaiional protection of the ground, 
with TOnsequem increased erosional efficienc) , more than compensates 
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for the dwindling frequency, volume, and duration of water-erosional 
events Beyond that point, however, the balance must begin to swing 
the other way, and some mtcrest attaches to the ‘turn-over’ point The 
graphs of Langbein and Schumm (1958) suggest maximum erosion at 
an effective ramfal! level of about 300—380 mm (effective rainfall being 
defined as that which goes into runoff, after initial evaporative and 
other losses) The set of graphs later produced by Schumm (1965) 
suggest that for a mean annual temperature of maximal erosion 
should occur with a precipitation of around 600 mm Most of the 
Sahara has a mean temperature in excess of 21°C, but the conventional 
boundaries of the desert fall within the 200 mm isohyct to the south 
and march close to the 100 mm in ihe north The whole of the Sahara 
IS thus considerably too dry to be anywhere near the ‘scmi-and 
maximum’ defined by the authors ated. and indeed similar tests for 
other deserts suggest that all of Meigs’ (1952) ‘Arid’ and ‘Extremely 
Arid’ divisions are in like case Qunatically, the belts of maximum 
erosional rate seem to he within the semi-and transitional lands, well 
dear of the deserts proper 

For the Utter, measured rates of erosion and/or sedimentation arc 
notably few In enclosed basins north of Death Valley Lustig (1965) 
estimated sedimentation rates at between 3 and 6 mm/year, but these 
wete m limited areas and under rainfalls varying from 75 to 300 mm In 
the more distinctly and Arava nft of southern Israel Schick, from 
measurements taken at a number of expenmental catchments, has 
estimated that matenal is being water transported from the whole area 
draining towards the nft valley on the western side at a mean rate of 
0 3 mm/ycar, which would yield a mean aggradation rate for the much 
smaller nfl-valley floor of about 1 mm/year — a rate of surface rise 
which, as he says, just matches the rate of worldwide eustatic sea levd 
Tise, and should thus prevent the progressive drowning of the rifi-valicy 
floor (Schick, 1971) A few other point measurements could be quoted, 
but the data are far too few to tell us much From the evidence 
outlined it seems reasonable to conclude that m terms of water-erosion 
all the deserts have mean rates well below world averages and also 
considerable vanations withm themselves, with limited sections chang- 
ing relatively fast, but huge areas undergoing very little modificauon at 
all under present conditions For the drier areas the devising of means 
to measure physiographic change-rates presents formidable problems 
Indeed, standing on a horizon wide carpet of level and wind beaten reg 
in the middle of the Sahara, a gravel coating containing undisturbed 
Palaeolithic tools lying where theit makers dropped them perhaps 
twenty thousand years ago, one has a feeling of unchanging timeless 
ness, and a wonder whether human ingenuity will ever be able to 
measure the microscopic changes that are all that seem now to occur 
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Chapter 6 


The Problems of Limestone 
Dry Valleys — Implications of 
Recent Work in Limestone 
Hydrology 

David Ingle Smith 


Landscape can be considered as the expression of a complex inter 
relationship of cbmate, geology and process. The relationships ate 
marginally easier to deapher if such studies are undertaken m regions 
dominated by a single Iniiology The one widely occurring lithology on 
which distinctive landscape morphologies have for long been recognised 
15 limestone Limestone ictrams arc considered as a special case of rock 
domuunce due to the rclaavcly simple gcochonistiy of the weathering 
process, which is generally considered to be of a soluuonal nature 
Early studies by Davies, Grand and Cvijic xccognised the special nature 
of limestone landscapes and each of these workers outlmed a sequential 
development for the landfonns found m such regions. Subsequent work 
has elaborated this simple picture and, m keepmg with the changing 
overall approach to landscape evolution, has shown that the differences 
that exist in the landscape between individual limestone areas are a 
result of climatic influences Thus the morphixlimanc approach 
appbed to general landscape cvoluDon has its proponents m the more 
restricted case of areas developed soldy on limestone lirfiologies 
Lehmann 11936) considered that the observed differences m tnoi* 
phology of temperate and humid tropical limestone areas were due to 
diffcnng climates Later workers extended tins approach to recognise 
distmctive limestone landscapes associated with more detailed climatic 
sutnlmsions For example, Tncart and Da Silva (1960) recognize a 
sub-humid karst in Brazil and Jennings and Sweeting (1963) a tropical 
scmi-and karst type in northern Australia The situation arose where 
the geological factors m a limestone region were considered as generally 
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Similar and topographical differences were due to v’anaoons in process 
that were climatically determined A simple relationship of limestone 
morphology to climatic conditions IS however not sufficient to explain 
the observed landscape vanations that occur within a single morpho- 
dimanc region Jennings (1971 p 195) has summed up ihe cuirent 
vicsv of many limestone geomoqihologists in the following manner 
all efforts to distinguish climatomorphogcnic systems other than 
those associated with climatic extremes must be regarded as tcntaine in 

''TumLg'to ?L''acreaf Undfoim elements ihat ate rejjonsibie fot the 
distinetive nature of limestone moipholog) it is clear that tie has e onl; 
tsvo consistent!) tecuttmg major forms namel) dry s-allc>s and 
enclosed depressions Indeed these tseo feamres are only commotdy 
found m limestone regions and/or in rrgtons of climatic artdit) The 
size and spatial otganiration of these mo landscape efcments can shots 
scry conSeiable variations sshich arc more hlely to be detetmmed b) 
the stnicrutal and hydrological properties of the limestones insohed 
than by the eUmate An understanding of Ihe telanonships of the diy 
valtos to the subtenanean drainage and its cso upon svould perhaps 
Sc the key to the vartauons exhibited by limestone landscapes. 

lev mav sveU be a more useful tool than its climatic 
MunS“ It B this relationship svhich .sail form the theme of this 
Study 


ury ..vrfnnon of areas affected by continuous permafrost 

reVnmns^Jdre nettvoiks base been dueussed for ssell oscra 

The ° of ihc b>-po»hcscs for their formauon were 

SSa Smagu Thei^ hypodtese, can be divtded mto 

three major groups 

1 Diffcnng climates m the past 

(a) permafrost 

(b) increased rainfall m the past 

2 Suocnmposition of the drainage net from non limestone strata 

3 A fall in the loci of the water tabic occasioned b> 

fa> 3 relatwe uplift of the land mass 

(b) incision of U»c major valleys and therefore a Ims-cnng of the 
regional water tabic 

(c) scarp rcccs-sion 

??,rSof fonns..on»t.sdcxH, dmerihetl by Iteid (1S87) nertl) x 
cemmy ago althouth the term pcimafron is of later densanoa Itcxl 
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I<«.eni,g of the tvatet able doepnmanly to clmtane change rather 
than to erosion’ 

?zaiSr,^:jHSE— 

sopertmposed from an overlying cover of Namonan shalet 

d /ill to “m'aufen understood before the end of the 

^e major hypothOT ^ 

last centu^ mercome it (the formation of diy valleys] b> 

geologists have submergenee and consequent rise m the lev el of 

rm »PP'»l’“*'f“™““™\^l,i„er h,gh^ level of the plane of 

SLCn be'fote the Se‘tKiste„« 

STa" uelTtemc? Pl' « of samTion (or water ubie) is a meanmgful 

proposition „c,u, i,-esadtv valley pattemwhen sea level falls 

The foitnet case whir* leavM^a|_r>^_ 

with an f fo “ otkets ?ttenipnng to ctplain dt) ”>>2, 

pamcularly apP“"* ™ j ,„fs One such early ejample is afforded 
patterns ‘*"'‘^'1 and Jukes Btovu (1850) for the dry valleys 
^„‘t'’he''"^uence1 raised U which fruige the west coast of 

Barbados. canon of the falhng water table hvpothesis 

'"^Tave £ tod^bed by handler (1909) and suln 
appears to nave pa„ (i923, 1954) Scaqi recession lowers the 

sequently elabomtri b Faffit^ » »t«ated, in Fagg s eaample, at the 

alntude of 'P'%‘ 1 , f„ ^, 1 , ,hc impermeable Gault Day 
junction of me a ^ of die sptuig line wilh ptogicssiv c sraqi 

beneaih The deer J able and coniequemly the valley 

tettcat causes a . 5 „ch a utechanism must be consideted 

Tr SS?e smee « u neoessao. for the tucks mtolved to have a 
gentle umclmal dip 


2? ade Mwmme of dry valleya in all forms of limestone and 

Thevvoildwadeocemmn ,,,, hypodieses 

outhnS^^-o can have a geneial application alihoogh all could hive 
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cTcrted some influence in modifvmg the evolution and fonn of dtj 
valle> s in a local context. 

The inifial formation of a mer ncmork in limestone areas and its 
subsequent etoluoon into ‘drv’\*aU^5isundoubtedlj closely related to 
the form and evolution of Ac groundtvater h>drolog} This is not 
exactly comparable from one limestone liAo!og> to anoAcr Ground 
water movement IS controlled b\ Ac porositj and permeabflitj of Ac 
rock Arou^ whidi Ac water is moving The porosity of a rock is a 
measure of Ae v olume of Ac interstices and voids as a ratio of Ac total 
volume. This is normally expressed as a percentage and vanes from 
values of less Aan 1% for Ae crystallme limestone tj'pical of much of 
Ac Bnnsh Carboniferous Limestone to well over 50 “b for recent coral 
limestones However, Ae more important measure of porosity is Aat of 
‘effective porositv’ whiA is expressed as Ae percentage of Ae total 
volume occupied bv mterconnected interstices suitable for Ae nans 
mission of water Effective porosity can, in some cases, differ greatly 
form porosity scKSO stnero In days, for example Ac effective porositv 
isvirtuaIlyxcrov\h3cAe porosity leniosmcTo can exceed 50% 

PcrmeAlity is most easflv considered as a measure of Ae rate at 
whiA water can be transmitted Arou^ arock. FurAcr definitions arc 
possible but for our purposes pertneabflity wil] be used m Ais general 
sense, and Ae term faydrauhe conducovitv will be used to express Ae 
rate of water irov anent in metres per unit time For a consideration of 
Ae defloioons of Ae various groundwater teims in common usage 
reference Aould be made to Ldimaner4r/ (1P72) ’The g eneral case for 
perrneability is described by Darcy’s LawwhiA can be expressed as 



where v is Ae velocity of water movement, K Ac hydraulic 
conducnvit) ard dh/A is Ac by drauLc gradient. 

Of particular inportance to a studv of limestone groundwater 
hydrology is Ae subdivision of penneabiLty into pnmaiy and second 
ary permeability Primary permeabAtv can be determined m a 
lAoratoiy on small rock samples by Ac use of vanous pcimcameter 
icAniques. It is a measure of intergranular flow However, it is clwr 
Aat for massive erv stallinc hncstoncs, particularh Aosc affected by 
Ac solunonal enlargement of bedding planes joints and Ae like. Ae 
pemcAQity relevant to field conditions will be very different from 
Aat obtained on smA rock samples in Ae laboratorv Secondary 
^cctufahiltxjj caa only bit fwie/i feom. C«J<4 anii S- 

combmaDon of boA mtergiamilir flow and fissure flow In massive 
crystaUme limestones Ae intergranular flow is likely to be onlv averv 
smA fracnon of Ae fissue flow 

In Ae BnnA bteraturc, a selection of which was renewed above, 
muA of Ac discussion of dry vAcys is parucutaily concerned wiA 
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areas of Chalk outcrop The normal model portrayed for the ground 
water circulation within the Chalk involves a water table In such cases 
there is a distinct level of saturation which is normally mapped from 
the standing water level in wells Considerations of water movement are 
generalized so that the rock is implicitly assumed to have true Darcian 
flow m a fuUy isotropic medium For the water movement to obey 
Darcy’s Law we have a situaoon xvhere the fic d and laboratorv 
determinations of hydraulic conductivity would be broadly similar and 
the flow would be fuUy laminar This situation for ^alk aquifers is. as 
we shall see below, not strictly true although the assurnptions of 
Darcy’s Law and of isotropic flow form the working model for rnuch 
applied study .n such cocks However when massive crystalline 
histones are considered there is eons, detable doubt whether the 
concepts of a general water table, laminar flow and neat isotropism of 
the tick arc of value in either an appbed sense ot in an aeadcmie 
consideration of the evolution of dry valleys 


Utertwf Ssenung^go^ quanotative data on Chalk gtoundw-ater 
hydrology has, unhl recently, been rather spetse An account of Ihc 
petmeab^ity of the Chalk of England applicable to the dry \alle) 
Sm w« presented by Ineson (1962) Ineson produced a map of 
Cam' for the area of the Chalk outcrop (reproduced here as 

Se6 1) C'uottans'wahneofequal'transimssibdily'.atetmwhich 

tenow been largely replaced by transmisswily' Ttansmissjyity is itself 
drfiC ^1 rte product of the hydraulic eonductwity and the thickness 
?f Ihe aquifer The map of wottans can. for our purposes, be tegarfed 
S a mcLrc of the petmeabd.ty The map u based on mfonnation 
Sitained from pumping test dam on Chalk wells, the osemU density of 

'’tesr^iCndS'Sionton- determinations on the h>dtaul.e 
j »i enf $ 3 mDlc$ and obtained values of less than 0 1 

Sdai S2e /al^ arc far ?oo low to eipUm the large yields obtamrf 
m/day „ under considcrauon. Ineson (1962 

C 57 T s^m“ d urhw Cs "n dte gtoundwata Row of the Chalk as 

aquifer P]i‘“,f’Tati’be wenthat there arc tones in the Chilk 
From ® J. _ " issuity arc panicular!) great Further, these 

where the maior valley systems mo« of which arc now df> 

Mnes f en zoncs^f high transmissmt> and \ allc> s argues 

The sulests. the imtul nver courses ma> 

for a d bv the mitial ^ire pattern in the Chalk but an 

Xo„C er,Saor« eha. nuewtatLs of gtoundwutet levels 
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F^te 6 1 Vanaaon in the pcnneability of the OiaJk in southern EogUnd 
(^ftes tneson 1961 ) 

would have ‘encouraged soIuDon effects’ It is also worth noting that 
similar branching networks of hi^ transmissivity continue even where 
the Qialk is covered "by younger deposits ol eifeer Lower 'lemary 
strata or Pleistocene gla^ deposits 

'The salient features observed by Incson have, m general, been 
reinforced by later work Hcadwonh (1972) presents a detailed study 
of the data from twebe well rccordCTs m the Hampdnre Dosvns For 
rune of these wells the transmissivity values ranged from 43 m* /day to 
nearly JOOOm^/day The other thrcewellsgascvalues of 5050, 10 lOO 
and 28 600 m^/day but these are considered, for various reasons, to be 
slightly inflated Hcadwonh also draws attention to the disparity in 
hydraulic conductivity values obtained by Smith et al (1970) from 
analyses based on measurements of natural tncium letels These values 
suggest shat the vertieal rate o( seepage of water throTigb the Chalk 
above the water table is less than 1 0 m/yr Headworth notes that the 
response time of well levels to heavy ram suggests a seepage rate of 
approximately 10 m/hr 

The results reported by Incson have been verified m detail from a 
local study by Edmunds et al (1973) from the \\ mterboume valley near 
Newbury Detailed measurements from a borehole with a depth of 
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about 130 m show that * the estimated bulk permeability of the 
Chalk aquifer and its mtcrgranular pcrmeabflity differ b> many orders 
of magnitude’ The figures they present suggest a mean hydraulic 
conductivity for the intergranular flow of less than 0 001 m/day (with 
relatively little vananon benveen vertical and honaontal values) and a 
bulk hydraulic conductivity of some 30 m/day, a difference of the 
order of some 30 000 A further fascinating addition to the techniques 
employed m studying the movement of water within the saturated zone 
IS the use of borehole television This method, and results obtained b> 
Its use, are described by Tate et al (1971) Briefly, borehole television 
pictures clearly demonstrate that water movement withm certain zones 
below the saturaUon level is suffiaent to move streamers and fine 
grained sediment and that the water at these points appears to be 
moving from distinct fissures that can be seen in the sides of the 
borehole ... 

Thus there is a marked range for the values of hydraulic conductivity 
in the Chalk The Chalk areas of Bntain, when compared to other 
limestone hthologies. have relatively few swallet streams This may 
reflect either differences in hydrological properoes berneen differing 
limestones, or the fa« that m few localities is there an impermeable 
rock cover topographically higher than the Chalk Small swallet streams 
have been desaibed from South Munms in Hertfordshire (Wooldridge 
and Kirkcaldy, 1937) where visual dye tracing methods showed a fast 
travel time between the sivallets and the risings which were beared some 
15 km away More recently, Atkinson and Smith (1974) have under 
taken tracing studies from small storm water swUets in south 
Hampshire using sensitive dye traemg techniques and have shown the 
rate of flow to the springs to be about 1 6 km/day Comparable resu ts 
by Smith and Atkinson (unpublished) from swdics of the hydraulic 
conductivity in Sussex, where pumping for abstraction has possibly 
mterfered 4th the natural Chalk groundwater cirralation, show rates 
of the order of 2 km/day In this case, it was possible to trace the rates 
of flow by the injection of dye into Chalk wells and to r«^er 
quantmes of the dye from several other wells m Uic region In all three 
of these cases the rite of flow indicates that the water flows in fissures 
and that the mode of flow is turbulent - j , i 

TTius even in the Chalk, where earlier work suggested that laminar, 
Darcian, near isotropic flow wras a possible working model, there is a 
groivmg body of cvbenee that this » a considerable ovcnimohficatioa 
fncsoni comment that the groundwater flow consists of a dual s> stem 
IS thus adequately supported 

Tbebvdrology of massive. cryiUlhneUrwstonei 

If wc ronSKte the Chalk to represent one ratmne in the TM™" «f 
Inn^tone eroundnatet hjdtology. the other eatr^e ranststs of the 

often cavemous and it is thus easier to envisage the ea-cnlanon. in part 
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at least, as consisting of fissure or conduit flow of a turbulent type 
This view IS supported by the not infrequent reports that wells sunk at 
neighbouring localities exhibit vast differences in transmissivity and in 
some cases individual wells may he completely dry Some workers have 
argued that the use of a water table model for such limestones is 
meaningless 

Numerous water tracing experiments attempting to link swallet 
streams to their re-appearance at spring have shown that the flow is 
fast The figures given in Tabic 6 1 for the results of work on the 
Carboniferous Limestone of Mcndip and the comparable massive White 
Limestone of north central Jamaica arc typical of such results 
Experiments of this kind have also, in some cases, yielded additional 
information on the nature of the groundwater flow within the 
limestones 


TABLE 6 1 

Tmtl Umes front stream stnks to stealUts for massive limestones 



Mean flov 
veloetty 
(m km/day) 

Standard 

deviation 

Number of 
traces 

White Limestone Jamaica 

MS 

4 05 

40 

Carbomfetous Limestone, 
Central Mendip Hills 

7 36 

S91 

23 

Carboniferous Limestone 
Eastern Mendip Hills 

6 00 

1 68 

16 


It is not uncommon for the underground flow lines from neigh- 
bouring swallets to re-appear at springs m such a fashion as to indicate 
that the flow lines ctoss without mixing (Smith and Atkinson 1973) 
Also, application of the pulse-wave technique detailed by Ashton 
(1966), and first used m the Malham area at the end of the last century 
(Howarth et al, 1900) shows that locally at least the linkages between 
swallets and springs can be regarded as analogous to a U tube Thus a 
storm or artificial pulse wave created at one end of the system causes a 
quick response at the spruig, and the difference in time between the 
first arrival of the pulse, and of tagged water corresponding to the pulse, 
gives a measure of the volume of the flooded connecting system In 
some cases, the groundwater circuiatian extends well below sea level 
which again conflicts with a simple water table model Submarine 
springs m offshore locations in limestone regions are relatively common 
and were demonstrated by Drew, Newson and Smith (1970) in tracing 
work Unking a surface stream sw^t to the ‘spring’ encountered by the 
Severn Rail Tunnel at a level well below the estuary section of the 
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R Severn. Further studies of the flow regime of large springs around 
the periphery of the h!endip Hilk demonstrate that the hydrolog) , and 
the solute and suspended sediment characteristics, are very similar to 
those of ncighbounng surface open channel streams (eg Smith and 
Newson, 1974) 

Although most of the literature quoted above relates to the 
Carboniferous Limestone of the United Kingdom there is no doubt that 
the results are comparable for other massive crystalline limestones 
throughout the world However, a word of cauuon must be sounded, 
for although fissure or conduit flow is of great importance in such 
limestones the dual nature of the groundwater system described by 
Ineson for the Chalk also applies to massive limestones A detailed 
hydrological study by Atkinson (1971) for the Cheddar catchment 
assigns values to the proportions of the groundwater flow which follow 
various paths through the limestone mass A senes of flow diagrams 
presented by Smith Atkinson and Drew (1975) illustrates the relative 
importance of these differing flow paths in differing limestone 
lithologies An c.x 3 mple of such a flow diagram for the Cheddar 
catchment is presented here as Figure 6 2 The smjalion is envrsagd as 
Similar to that described by Ineson except that the part pla)ed b> 
fissure flow is greater and the intergranular movement is even less 

The Chalk and Carboniferous Limestone can be considered as 
representing opposite ends of a sequence but studies of other limestone 
types can also be given Forcxamplc Dowtungand\Villiams(1969), m 
a detailed hydrogeological study of the Lincolnshire I imestone, suggest 
that fissure flow may be of signirieancc in the giounduatet flow The 
Lincolnshire Limestone exhibits considerable facies variations but 
oolitic and shelly limestones typify much of the suCTcssion Locall) , 
ssvallow holes ate developed as at Button Coggics and such streams ate 
mnuent at times of tclatisel) low dischatgc and effluent at times o 
high discharge Work m ptogtexs by P L Smart, of the litisiol 
Umvetsity clogtaphy Department has shoum that iiatet tracing on the 
lutassie Oohtc sequence m the catchment of the DybtooL, to the north 
of Bath, gives undeigtound flow raim Ihat are compamble w Jose 
obtained from swallets in the Catbomfetous Limesione or the Oidk as 
described above The Jurassic oolitic limestones thus an be considered 
as an intermediate ease isherc fissuie flow is greater than in the Chalk 
but less than in the Orbomferous Limestone 

The development of suhlcnanejndrjtfu^e 

There is little doubt that m most limestone areas, but not all the first 
phase IS the development of a surface drainage nemotk. It ii the 

daelopmcnt of the underground now path, diat mptesemsje heart of 

the pmblem, for as all limestones are noted for Ihcit solubil t> It lithe 
links beween the solubility and the opening up o! the subimanean 
drainage paths Ihat ptoMde the key Hus is relam ely easily undetstood 
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(ol (b) 

Figure 6 2a Flow dugrini for the bydrological cycle in limestone regions. (After 

Smidi Atkinson and Pre», 1975 ) 

Figure 6Jb Flow ta the Cheddar svsteri danng and immediately after heaty 
rainfilL Tte key is on F^ure 6.^a. Pe ueu tage ralues show the proportion of total 
input while die shadii^ d dia g ram ma tit (Alter Struib. Atkinson and Prew, 1975 1 


for the dct-elopment of the dassic stream sink where drainage from 
non-limestone strata passes over onto a limestone mass The eJcplan- 
ation that this water, which is usually markedly aggressive (i-c c 
undersaturated with reject to c»l rnim carbonate), will sohiDonall)' 
enlarge a joint or similar line of weakness m the stream bed, is generally 
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rather to suggest a mechanism The salient feature is that the 
mechanism involved links solution flow type and the development of 
secondary, subterranean dramage paths TTie model works m terms of 
pUuac surfaces and discontmuities but it is possible to extend it to take 
into account the secondary development of interconnected pores where 
a similar development from laminar to turbulent flow could be 
expected 


Putting together an hypothesis 

Iiutial^ , Ac drainage on a limestone mass will commence in a similar 
fashion to Aat on neighbouring non limestone strata Details of 
drainage basm morphometry show Aat the same basic relationships 
occur on limestone liAologics as on neighbouring non limestone strata 
This can be seen particularly clearly for the dry valley networks 
developed on the Chalk, It is possible Aai for some limestones this 
mitial integrated drainage net never really becomes established Three 
cases appear possible First, some areas of Pleistocene or Recent coral 
ttefs do not »ow a surface valley network fFtnnoi 1972) Thesccond 
case IS for regions which have experienced an and climate Aroughout 
Ac nme available for Aeir landscape evolution Jennings (1971) 
considers Ae vast Nullarbor Plain of souA Australia (an area of some 
200 000 km*) to fall into Ais category The oAcr possible case is Aai 
of cockpit karst Tropical cockpit karst is invariably developed on 
massive limestone with low prunaty permeability but neverAeless 
displays no evidence of an integrated surface network of streams It is 
difficult to decide whcAcr the absence of evidence for a stream 
network arises from Ae removal by erosion of all traces Aercof 
(Williams 1972) 

The solutional wcaAenng of a limestone is concentrated at Ac 
soil/bedrock interface and in limestone regions Aroughout Ae world 
Ac general case is for Ac sotl/bediock junction to be extremely sharp 
This solutional acnvity will slowly widen joints and similar lines of 
weakness m Ae manner suggested by White and Longyear (1962) and 
by Atkinson (1968) In Ae course of nme Ac widening of Ae planes 
will become sufficient to enable Ac hydraulic jump to be attained and 
true groundwater circulation to commence This then represents Ae 
dev elopmcnt of secondary pcnneability within Ac limestones 

The form of the groundwater circulation will undoubtedly develop at 
diffcrmg rates and wiA vanations in pattern from one limestone type 
to anoAer Marked enlargement of joints wiA a tegular spacing will be 
Ac expeaed case for massive limestones The form m Ais case is 
tllusTratcd by Ac regular pattern of solutionally enlarged fissures 
exposed on Ae limestone pavements of Ae Burren and norA*west 
Yorkshire The pavements become exposed by Ac removal of Ac soil 
by later events 
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Massive limestones exhibit four types of groundwater movement 

1 movement down a large number of solutionally enlarged fissures 
as described above, 

2 the classic stream swallet developed at the edge of the outcrop, 

3 closed depression drainage, 

4 mtergranular flow under lammar flow conditions 

Drainage of the kind envisaged in case 3 can be visualised as 
occurring at points of particularly well developed secondary pemea 
bility as at cross joints (sec Smith, Atkinson and Drew, 1972) An 
unpublished account by Smith and Smart, and initial studies by Drevv 
(1968), demonstrate from dye tracing experiments that depressions of 
this kmd (which do not have surface stream feeders) have rapid 
connections to neighbouring springs Flow rates of the order of 
1 km/day have been obtained Such enclosed-dcpression drainage can 
extend to a situation where no signs of an original integrated vallc)* 
nenvork This is typical of the Cockpit Coontiy of Jamaica 

and parts of New Guinea (NViUiams. 1972) 

It IS imporant to rcahte that the system ts cootmually «o^^ 
thts can only lead to the continued enlargement of the biger 
which will progressively take more and mote of the now In mch 
limestones the ialue of the water able model is limited Indeed, ma^ 
workers would consider it to be of 

some aspects of the drainage m this type oi rock that are difficult to 

reconale with a water table model -ninunn 

One ot two further examples may make the proposed esolut on 

clearer In Co CUre tn western Ireland the River Aille aowes rtehne 

of a major cave system, the Doolin system (Ttatman, 1969} The aw 

pat.ge^m,mediaVe^nea*th^n,ah„ah^h.^ 

sep"aSmd frim'the bedrock foot of the 

SSree'n“w'ovmdfelme?^^^^ 

l^ernfm 'asfinTieh'thTSteioS°enliJ^^ of thi jomt pUnes m 

SrifmenonelssS^ 

Se fismw fdb -th water « 

at solutionaUy mJatged ?“rne^SS^s uK 

and soil cover This pattern istgicated innuny iimeuu .j 

eonditiom of high 

the Mendip Hills many mmallH^ ^ ^^^ ,,,, j 

and P”*- fonnulae' (Smith and Newson, 1974, 

pTd?) ^ITnColdTi^n^ system o thus not sufCeiently 
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enlarged or adjusted m these regions to deal with major flood events 
However, as the underground conduits further develop by solutional 
(and mechanical) erosion it is possible to arrive at a situation where the 
underground network is suffiaently enlarged to cope with the largest 
floods This may well be the case with tropical cockpit karst where 
backing up of the subterranean water into the floon of the cockpit 
would appear to be unknown If one wishes, it is possible to think in 
terms of a sequence of development analogous to the cyclic develop* 
ments favoured by earlier workers for surface limestone forms 

Chalk underground drainage can perhaps be considered as developing 
in a similar fashion In this case, the initial drainage network appears to 
be much better preserved, as is the case not only in the British Isles but 
m other climatic regions Several workers have drawn attention to the 
very similar morphology developed on the Montpelier Chalks of Jamaica 
to those of western Europe, and to the complete contrast of the 
juxtaposed White Limestone with its fully developed cockpit landscape 
(Sweeting, 1972, Smith and Atkinson, 1975) Secondary pcrmeabilitj’ 
in Chalk is more likely to occur by an enlargement of interconnected 
pores than by the rectJinear fissure<ontrolled form associated with 
tile more massive limestones The development of enclosed depressions 
is much less evident in Chalk areas although features of this kind have 
been described by Pnnee (1962) Swallow holes are also less frequent, 
but where they do occur the flow rates are similar in all respects to 
those of the Carboniferous Limestone. The part played by the water 
table in Chalk is, however, more apparent. It appears possible that 
interconnected pore flow remains a more powerful process than purely 
fissure flow Thus we have a water table which locally follows Daraan 
principles, but superimposed on this system is a network of fissure 
flow 

A modified water table with superimposed fissure flow appears to 
represent the best working hypothesis However, the underground 
situation is still developing and it could be argued that as evolution 
proceeds there will be continued development of secondary fissure flow 
at the expense of mtergranular flow As with massive luncstones, 
periods of high discharge cause the dry valley network to become 
re-activ«cd, as is demonstrated in the many desenpoons of svinter 
bourne flow reported from the Chalk This may represent the backing 
up of flow m the mterconnccted granular paths in addition to that of 
the fissure network 


Conclusion 

Dry valleys, and associated enclosed depressions, are an essential 
ement of the karst landscape found m all climatic zones except those 
underlain by pem^rost They can only be explained ui terms of an 
ongin of worldwide applicability, but the majority of the hypotheses 
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seeking to explain their origin outlined in the earlier part of this paper 
demand special conditions at a local or regional scale The results of 
recent hydrological studies combming not only full water budgets but 
information regarding solute and sediment load are sufficient to allow 
the initial formulation of an hypothesis of more general applicability 
In brief a combmation of the solutional mechanism and the gcohydro- 
logical properties of limestones allows for a process that can encompass 
both the well ordered integrated surface do' valley networks of the 
English Chalk, the splendid grandeur of the gorges of the Carbon 
iferous Limestone and the bizarre but fascinating patterns exhibited 
by the cockpit landscapes of parts of the humid tropics There is ittle 
doubt that if such an overaU theory of origin is found acceptable local 
circumstance and climatic change will suffice to explain v-anations in 
the pattern and mode of evolution 
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Chapter 7 


River Patterns in the 
Bristol District 

Allan Frey 


'A n>« or « Ufjoiuge bwin might best be considered to h*>c a heriuge 
rtther than »n ongin. It a »a oiginic foniv the produa of s connnuoui 
evolutionary bne through time 

(Leopold. ^VotInan and M9ler 1964 p 421) 


In the da)s when landscape studies m Bntish geomorpholog> were 
devoted to the geological objeaive of establishing a post-Cretaceous 
chronology of events the reconstruction of drainage patterns across 
great sweeps of countryside was a fashionable alternative to Tie Times 
crossword In the South West tn particular, the early decades of the 
present century saw at least three attempts to identify the simple 
original form of the Bristol region’s drainage pattern and the stages by 
which It had been fragmented into its present more complex form. 
These reconsirucnons, by Buckman (1900), Sanders (1918) and 
Varney (1921), well summarised by Bradshaw (1966), were all fairly 
quickly brought into question on suffiaent pomts of detail to make 
them doubtful bases for further speculation. Yet it is the purpose of 
this essay to claim that some idea of the evolunon of the regional 
drairugc net is necessary if sense is to be made of both the meso- and 
the micro-features of the region. Just as micro-studies m process 
geomorphology need to be set in a time scale, often denved from 
outside the lo^ areas, so they also need to be embedded m an arejl 
context derived from larger region studies It is precisely because local 
geomorphological studies in the Bristol region have la^ed this more 
comprehensive areal frame that crpianauons like cavern collapse for the 
formation of Qieddar Go^c and glacial overflow to account for the 
Oifton gorge could survive for so long. If the genaral pattern is not 
known or hypothesised, local anomalies cannot be recognised 
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There IS a major difficulty in investigating stream patterns Though 
eventually their study requires field work at key pomts wthin the area 
of interest a general hypothesis of stream development can only be 
achieved by generalising the panem over a large area using maps The 
larger the scale of map the more valleys can be d scovered upon it and 
vice versa so that the vestiges of a stream pattern almost superseded by 
another could very well not be adequately featured on a small scale 
map By the same token the small scale map has already had a huge 
number of smaller valleys suppressed by the cartographer in the interest 
of clarity but perhaps to the gcomorphologist s cost 


The durability of the drainage pattern . ^ ^ . i. , 

The ereat length of the geological time scale and the presumed inability 
of most contcmporai} crosional proctsscs to ciusc rapid mns 
formations of the Bmish landscape induced a ssallingness on the pan of 
many ssotkets greatl) to exaggerate the time scales needed to 
accomplish etosional tasks In the last decade especially the 
gradual pieciug together of events in the Pleistocene and the studies of 
atastroihic happenings and their recuticnce mtersals has come a 
realisation that landscape change need not be the long draum out 
process it once seemed to be Union 0957) uriting directly on the 
theme of the everlasting hills could concene of no pttnglacial 
topography surviving to the present day in ueas uhete the precipitation 
“us Isoo mm/yearor more and Chotle) (1962) makes the mote genera 
statement that in many if not most areas the condition is one of 
massne removal of past esadence and a tendency tosrards adjustment 
With progressively contemporaneous conditions If indeed landscape 
featura rapidly become adjusted to coutemputary cuet^ flou 
couditious and this tendeue, b reinforced by the outstanding ability of 
high energy nous such as those that ha.c oc^tred m the Pleutoccnc 
to obliterate previous forms a morphological key to the past is hardli 
likely to unlick doors tety fat back to tune There is houmer one 
majot exception to this picture of rollmg desttoet.on and this ,s the 
oattern of stream courses which once established remains so 
Koacoosly an imprint on the landscape that it prmrdcs enduring 
evidence of past conditions Not only arc stream lineaments difficult to 
eradicate but they are m adjustment to such a wide range of forces that 
thev provide a valuable window on the past This is not to say that the 
Mttern remains constant over time but rather that some elements of 
^e oattern cspcciallv the headwater dements and mink streams can 
survive over lone periods of time and through extensive mod ficaiion of 
the network. To establish the tenaaty possessed by the orientation of 
stream pattern elements it will be useful to consider the events which 
can cause rroercssivc alteration and find destruction of a river network 
It has to l4 emphasised that even at a late stage of alteration sufficient 
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of the original pattern ma) remain to provide fragmentary cMdcnceof 
earlier conditions and. indeed, this claim is made for the Bristol region 

Change of base leiel 

A negative change unll rejuvenate streams in their existing courses and 
so will ha%e the general effect of perpetuating the pattern However, the 
increased vngour of flow will also have the effect of accelerating the 
adjustment of minor pattern elements to structure, a process that 
would take place anyway given sufficient time On the other hand, 
encroachment of the sea upon the land will have two effects, of 
planaiion as the advancing sea cuts horizontally into the shnnkmg land 
area, and of deposition on to that part of the landmass now under 
water If the positive change of sea level is large enough to flood over a 
substantial part of the land mass, deposition will begin to take place on 
this new sea floor For some time the erstwhile sub-aerial topograph) of 
this new sea floor can persist, especially if major valley ways arc kept 
open by undersea currents or by the turbulence of water flows 
extending seawards from major rivers draining land as >ct unsubmerged 
But a combination of differential sedimentation into hollows and 
underw ater slumping of sediments will eventually submerge and obIlte^ 
ate this one*ttme topography as it submits to 5ub*manne rather than 
sub-aerial processes A distinction can be drawn between the essentially 
honzontai aaion, when erosionaJ trimming of a landscape is accomp* 
lished by the waves of an advancing sea, and the essentially vertical 
action of deposition which blankets over a submerged landscape A 
similar distinction can be drawn when considering the work of glaci 
ation, the next kind of occurrence to be considered 

Glaciatwn 

The predominant effect of gtaaers and meltwater is to scour out and 
deepen pre-existing valleys Some alteration to the drainage pattern is 
undoubtedly accountable to the diversion of streams from tiieu’ original 
courses, watershed breaching the creation of new partem elements like 
spdiways, sub-ice melt streams reversals of flow and so on, but these 
aberrations are usually fairly easy to recognise in glaciated upland 
areas Acting m a vcnical direction, dcposiuon from sheet glaciation 
often causes the infilling of pre-glacul valleys with till Although hy 
means all such valleys arc exhumed and reoccupied by post-glacial 
rivers, the shallower the till and the deeper the pre-glacial valleys, the 
more likely will reoccupation be 

Scarp retreat 

The headwaters of one valley ^rstem often inter lock into the head 
waters of another system along a major escarpment Retreat of the 
scarp Imc down the dip represents the victory of the scarp sj stem over 
Its dip counterpart and so, acting in an essentially horizontal plane, the 
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more vigorous scarp slope S)Stem progressively captures and destroys 
the temtoty of the dip slope streams, ev enrually replacing the dip slope 
pattern with its owti This process can continue only so long as one 
pattern has an advantage over the other because of factors like a shorter 
distance to base level, higher rainfall, and steeper gradients In practice, 
though one stream pattern might well hold the erosional advantage at 
first, an equilibrium condition is reached long before one pattern 
completely destroys another Very good examples of rapid scarp retreat 
can be seen in the drainage pattern of the Bristol region 


Eptgenesis 

There arc three particular cases of supenmposition which can cause 
substantial alteration to the stream pattern in its downcutting process 
All three occur when downcutting reveals a substantially different 
lithology from the one on which the pattern was initiated The first 
occurs when a stream pattern, recently initiated on glacial deposits, 
regains and begins to exhume the pre-glacial landscape In essence this 
situation IS really only a special case of the second type of super 
imposition which occurs when downcutting penetrates a massive uncon- 
formity and begins to expose a buned and partly formed earlier 
landscape whose lineations, strengths and weaknesses arc totally 
different from those of the mioatmg landscape A third case occurs 
when a stream pattern incises itself through non limestone strata onto 
limestones whose behaviour m transmitting water and suffering erosion 
is significantly different from the non calcareous rocks above 

It IS to be emphasised that supenmposition down through congruent 
strata, ev en though their facies may differ greatly , can lead to a change 
in stream pattern density but not m major orientation Superimposilion 
through rnajor unconformities gradually opens up a terrain whose 
lineations arc usually toully different from the initial surface but even 
so though the alignment of subsequent or structurally guided elements 
of the pattern may change, the trunk streams can be expected to 
maintain their inherited orientations 


Earth movements , , 

Eximplcs abound of the imtmcnancc of ttunh stream orientations 
across the trend of rising folds bf antecedence Just as often the 
onentation of subsequent tributanea adjuits tapidl) to the tiling relief 
rat less predictable in Its innuencc on a stream pattern is the collapse 
of strata in graben form aerosa the course of a mini, streain the 
Petrockstosv fault basin prondes a good illusOTIion from the South 
West of England For dnciaion to talc place, the tectonic esent has to 
be mote rapid than the ability of the trunk stream to maintain its bed 
by douTtcufting and this is tree tshelher the ccent Ik: faulting »-arping 
tilting or folding 
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ancestraJ Severn encroached castn'ards into the territory of the upper 
Thames and beheaded its north bank tributaries At the same time the 
south bank tributanes of the Thames were being attacked and turned 
westward fay the mtrusive attack of the south bank tributaries of the 
Severn {shown in Figure 7 la) 

Some WTitcrs (Wooldridge 1961 Brown 1960 Bradshaw 1965) 
envisaged that the Severn and its tributaries might hate been assisted by 
the encroachment of the Calabrian Sea flooding up the Bristol Channel 
against the Cotswold scarp and bevelling off the territory to the west of 
the scarp at around 185 m An advantage of such a suggestion is that 
the north west flowing tributaries of the Severn could then be initiated 
on an emerging sea floor However there is no depositional evidence for 
such a sea the crosional evidence is ambiguous and the hy^pothcsis 
raises more difficulties than it solves therefore the parallel Severn 
tributaries will be explained by conventional river development and the 
controversy over the Calabrian Sea will be sidestepped 

/\d}ustments to structure 

Although the mam streams m both drainage provinces renin striking 
evidence of their dominant directions there has been a great deal of 
adjustment to structure by secondary streams On the Mendip Hills 
apart from the Pleistocene innovation of the Cheddar system most of 
the current drainage has faithfully reoccupied the old Triassic valleys 
The Mells River that joins the Somerset Frome just north of the town 
of Fromc (Figure 7 3) has eroded rapidly headward along the east west 
strike of the Coal Measures a prominent line of weakness and so 
locally interrupts the pattern of north-east Bow followed by its 
neighbours (the Cam and WcHow Brooks Whatley Bottom Nunney 
Brook and the Somerset Frome itscIO 

The Bnstol Fromc (Figure 7 2) has pirated north-eastwards not onl^ 
because this direcuon lay along the strike of the Jurassic on which it 
originated but because u found itself by chance supenmposed on the 
axis of the Tnas-excavated vale along the syncline of the North Bristol 
coalfield Expoiting this advantage it has b«n able to capture not only 
acouplc of minor scarp streamsfrigurc? la) but to break into some of 
the headwaters of the Little Avon and turn them southwards The 
minor gorge through the Carboniferous Limestone at Leyhill Open 
Pnson marks the old course of this Little Avon headstream. Both the 
Boyd and the Westbury Trym flow along courses parallel to but less 
successful than the course of the Bnstol F romc 

On the cast side of the Oolitic scarp the Bristol Avon has exploited 
the Jurassic smke between Bradford-on Avon and Malmesbury to capture 
into Thames headvv-aten and turn them south then west just as on a 
smaller scale the By Brook his done (Figure 7 2) On the Chalk the 
general east west folds of the Miocene have been exploited by a senes 
of tributanes of the Salisbury Av*on and Test some of them now dry 




t-igurc 7 ) The river piitemuf (he Kitlviock Pliii 



River Patterns m the Bristol District 


157 


valleys, so assisting in the unroofing of the three major re-entrant scarp 
vales Pewsey, Warminster and Wardour (Figure 7 2) 

Bearing in mind the hypothesis of nvo disunct drainage provinces, 
with the westerly province gradually encroaching on the eastern 
accompanied by adjustment to structure of the secondary streams, it is 
instructive to examine three recent geomorphological studies of the 
Bristol region in which the analysis depends, at least in part, on the 
evolution of the ri\er s> stem 


The Radstock Plateau 

The first study, by Wooldridge (1961), seeks an explanation of the 
widespread concurrence of summit heights around 185 m on the 
Radstock Plateau, an area between Bristol, Frome, Bath and thcMendips 
(see Figure 7 3) He proposes that the area was bevelled b> the wav cs of 
the Calabnan Sea flooding m from the south-east via the narrow Wyl>e 
Valley and possibly joining up with an arm of the same sea flooding up 
the Severn Estuaty This sea not only provides for him an explanation 
for the accordance of summit heights but suggests to Bradshaw (1966) 
a possible reason for the breach of the Cotswold escarpment by the 
Bnstol Avon However, if the sea had suffiaent power to create a 
widespread marine plane at around 185 m , it should aJ>o have elimin- 
ated the then existing drainage pattern of the area so that, when the sea 
retreated a new pattern consonant with the inclination of the emerging 
sea floor ’should have been aeated In fact, the majonty of the streams 
m the area flow at right angles to the presumed inclination of this sea 
floor (the middle Chew, the Cam. the W'ellow and the Somerset 
Frome) At the Calabrian stage these streams were likely still to have 
been tributaries of the upper Thames and therefore only weakly incised 
so that planation of the area would surely have eliminated them. This is 
our first example of a study in which insufficient attention to the 
drainage pattern invalidates the hypothesis being put forward 


Tbe central Mendtp Udls j v. r- , ^ 

Of considerable interest is our second example, a study by Ford and 
Stanton (1968) ofthcsouth<entralMcndip Hills, They proposed that the 
stream pattern of their area was imtially a radial one (though their 
diamm on p 407 shows a general southwesterly rather than a radial 
pattern) later dismembered by capture along NW SE lines. Imagining 
the circumstances in which this radul flow could develop on an upland 
flateau obviously presented them with considerable difficulty They 
opt for the gentle updommg in the Miocene of a Rhactic/Liassic-formcd 
plateau buried under Mesozoic sediments Thar claim that a radial 
stream pattern was initiated on this modest dome ignores whatever 
stream Mttcm previously existed there and denies that old pattern the 

ability to maintain US lineaments by antec^ence 

However, their radial pattan » implied to be part of a more general 
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net which, by the end of the Pliocene, had stnpped most of the 
Mcsozoics from the anaent Liasstc plateau and had further trimmed it. 
A ne\v cycle is claimed without explanation, to begin in the Calabrian 
which progressively excavated the Mesozoic rocks from the area to the 
south of Mcndip so exhuming the steep southern flank of the Mendip 
upland, rejuvenaung the south west flowing streams and leading to a 
vanety of captures on the upland plateau 

If we now look at this area in terms of the drainage h> pothesis that is 
proposed in the present essay, the Mendip Hills today lie at thcjunaion 
of streams flowing away to the north east (the middle Chew, Cam, 
Wcllow and Somerset Fromc) and those running north west to the 
Severn Estuar> (the Axe and the Blagdon Yeo) (Figure 7 4) Since the 
hypothesis incorporates the %icw that the older and once more 
extensive east north-east system is being dismembered bj the attack of 
the north westerl> flowing Sex-ern tributaries, ue would expect the 
Mendip summit to show relics of WS\V to ENE valley orientations 
Figure 7 4 shows that the majority of central and east Mendip vallejs 
do indeed ha\c this onentatton though it should be noted that the 
direction of flow is often to the west south vx-csL Particularly important 
is the fact that the eastern headstream (now dry) of the Cheddar system 
trenches right through the unroofed North Mill aniiclme, so pointing to 
supenmposition from the Mesozoic cover rocks which exist nearby m 
the form of the Harptree Beds 

However there are three streams whose courses seem to be 
anomalous The captures associated with the first of these, the Melb 
River have already been mentioned Tbc course of the upper Chew will 
be dealt with later, so it is the middle reach of the Cheddar valley 
running south east to north west between Priddy and the head of the 
Gorge which provides the greatest difficulty This valley needs to be 
exDlained as the course of a structurally guided secondary stream which 
allowed the ENE WS\V Cheddar Gorge stream to capture its next door 
neighbour to the east The structural weaknesses along this line arc easy 
enough to identify m terms of strike lines, the weakened crest of an 
antidinc and a minor symdinc, but the genera! contempt that most 
streams on upland Mendip have for such weaknesses (and espcaally for 
the Lower Umesronc Shale) does not generate confidence in this 
explanation At least as big a problem is to know whether the capture 
took place before the Mendip summit was exhumed, when all drainage 
wus to the cast north-east, or whether it happened later, caused by the 
ereatlv accelerated erosion and rquvenarion resulting from the attack 
W the north west streams espcaally in Glaaal times. Arguing against 
the timing suggested in the second case is the fact that, in common with 
all Mcndip-top valleys, this Gorge-lo-PndJy valley is only w-eaklj 
incised and does not look like the site of an important fluviatile battle 
More work on this valley is obviously required though a possible 
explanation is suggested m F igure 7 Sb and 7 5c 
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In summary, though their time scale of events is probably right, Ford 
and Stanton have tScen too parochial a view, of their study area to 
generate a valid solution to the problem of Mendip drainage 

The Clifton gorge and tbe course of the Cbew 

The third example of local geomorphologicaJ study dependent on the 
reconstrurtion of past nver patterns is drawn from the work of 
Hawkms and Kellaway (1971) and Hawkins (1972) Their pnmary 
objective is to gam recognition for the faa that the Bristol region was 
^aciated and that there are deposits and drainage diversions to pro\ e it 
Unfortunately, while they must surely be right about a glaaal inter- 
pretation for their deposits, the substantial glacial realignments of river 
courses they propose are not necessary to their thesis The discovery of 
glacial material m the Flax Bourton gap to the west of Bristol prompts 
Hawkins to re-open the old controversy about the Clifton gorge He 
supposes that the Bnstol Avon onginaJly flowed through the Flax 
Bourton gap (Figure 7 3) to reach the Severn but that an ice tongue 
blocked the gap, so impounding meltwater m the Bnstol embayment 
until It overflowed north westwards to create the Clifton gorge At the 
same ume, ice is supposed to have diverted the Trym to cut the Blaise 
Castle gorge and acate a new course to join the Avon itself an 

^'^There is no reason why deposits which give evidence for the presence 
of ice should necessarily require the diversion of mers in this most 
unlikely manner The lower course of the Bristol Avon shows a 
fcmarlably consistent north westerly direction from Bath to Avon 
mouth and is strikingly parallel with the other Severn iribuunes shown 
in Figure 7 la. The Oifton gorge is formed where the Avon by 
supenmposition, finds itself flowing at nght angles across a Tnassie- 
unroofed and hitherto buned Hercynian anticlmc The south cast flank 
of the anticline is formed of resistant Carboniferous Limestone through 
which the Avon is forced by down-cutting to form a gorge Upstream of 
the gorge lies a trough on the site of the Coil Measures excavated in 
Tna^ic times and, as the Avon has regained the Tnas b> cutting awa> 
the Mesozoic cover, this weaker formation has allowed a certain 
amount of migration of the Avon mcanden, so locally creating a short 
cast west alignment which is further emphasized by the Ashton Brook, 
an Avon tributary The Nailsea Yeo. also exploiting the Coal Measure 
vale backs headwards on to the Ashton Brook, so creating the Flax 
Bourton gap To propose that the Avon ever flowed through this gap 

must be regarded as absurd (sec Figure p) 

More imporunt for the eluadation of the regional drainage pancm is 
Hawkms’ suggesaon that the pre-glacul River Chew had its source 2 km 
south of Keynsham and flowed south west to join the Blagdon Yeo 
which then flowed north west to the Scvctu Estuary The ice advance 
up the estuary is supposed to have blocked the Yeo valley and forced 
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the Chew to overflow porlhwards into the Bnstol Avon, z course it 
follows today To controvert this unlikely suggestion it is necessary to 
reconstruct rtc possible stages m thcdesdopment of the Chew m terms 
of the dramagc hypothesis advanced earlier m this essay (Figure 7 5) 
Figure 7 5a indicates an early stage of development, with die Thames 
hesdstreams flowing north eastwards across an unbroken senes of 
Jurassic rocks forming a surface with a height of at least 300 metres, 
underneath which the fossil Tnassic landscape stiU lies buned. 
Figure 7 5b shows that surface considerably dissected and reduced in 
hei^t, its drainage pancm invaded and turned north westwards, and 
subsequent streams begmnmg to conform to the now emerging Tnassic 
landscape. It is at stage 7 5c that the unexpected occurs The River 
Qiew, having been beheaded by the Blagdon Yeo (7 5b) is shown to 
have retaluted by capturing the headwaters of the Yeo It is here that 
Haw-kins’ insistence on ice action can be invoked The Rickford valley, 
cut across a protnidmg lobe of Dolomioc Conglomerate (dlustrated on 
p. 282 of Hawkins and Kellaw'ay, 1971), is dear evidence of marginal 
overflow and thus of the presence of ice in the lower Yeo valley 
Ponding on the site of the present Blagdon Lake could only have 
resulted in an overflow to the nonh. so diverting the upper Yeo 
pe r m anently into the Chew system Even so, this suJl leaves the 
anomalj of the Winford Brook which, coupled with the valley of 
Bfocklcy Combe, ought to be seen as one of the northwesterl) flowing 
invaders parallel to the Yeo and the Bnstol Avon, vet ic flows m the 
wrong direction from the Bristol airpon summit southcastwards to 
Chew hUgna, 

Enough has been said about the Rn-cr Chew to demonstrate that it 
holds the key to the final problems of the regional nver pattern. 


Wider implications 

It IS now profiuble to ask whether the drainage hypothesis for the 
Bnstol district, which seems to offer a coordmated explanation within 
the region is capable of ccicnsion to a wider area. On the basis of the 
onenuiion of scleaed nver components, the upper Thames could be 
h>'pothcsised to have had its early headwaters on the site of the Bristol 
Qianne! north of Minehead, collecting major tnbutanes in an arc from 
the Rntr Tone, the east Quaniock and north-east Exmoor streams to 
all those streams m Wales cast of a Ime runmng north-north-west from 
Cowtndgc. 

There is a long tradition of regarding the trunk nvers of southern 
England as having a dominandy west to-ean direction and Brown (I960, 
p 267) summarises this thinking by illustrating three mink nvers, the 
Trent the Thames and the •Solent The need for a Solent’ nver to 
transport the Dorset ball clays eastwards from Dartmoor is now realised 
to be unnecessary, so dispensing wnth a trunk nver which ran in the 
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opposite direction to the English Channel ‘river’ As for the Thames 
Its course can be seen to comprise three distinct stretches From its 
mouth upstream to Reading the lower Thames occupies the Teniar) 
London Basin, collecting tributaries like the Lea, the Colne and the 
Wey which have astonishingl) strong north south onentations The 
middle Thames allied to the ChcnvcII, has a prominent north to south 
course which makes a huge breach through the Cretaceous escarpment 
between the Chiltem Hills and the Berkshire Downs, the final incision 
being known as the Coring Gap Both the upper Thames and the 
Kcnnct occupy lines of substantial weakness onentated roughly east 
west, the upper Thames running along the stnke of the Jurassic and 
the Kermet along the trough of a Miocene sy ndme Both nv ers collea 
as tnbutanes a large number of streams whose courses could be 
generally described as ‘northerly-southerly’ (rather than easterly 
westerly) 

The whole of the south-eastern quadrant of Wales and the whole of 
the South-west Peninsula are dominated by streams with north-south 
alignments In Southeast England, the dissection of the prominent 
anticlinonum of the Weald with accompany mg adjustment to structure 
of the subsequent streams, is calculated to eliminate any eontinuoui 
north-south drainage lines which might once have ttisted, though there 
are plenty of heal north south stream alignments to be seen today 

It is thus possible to think of the Thames as an intrusive element m 
southern Engird, taking advantage of the Tcruary London Basin the 
Jurassic/Crctaccous strike, and Miocene fold axes to apture westwards 
into a senes of trunk streams running south into the English Channel 
‘river’ An equivalent intrusion from the opposue direction by the 
River Severn has not only disrupted north-south streams in western 
England but has turned the tables on the piratical upper Thames. It is 
lust as plausible to suggest that the early drainage of England w-as 
dominantly to the south as it is to claim that compound nv ers like the 
Thames and Trent have been with us since the early Tertury The 
present courses of the middle Severn the Cirencester Chum and the 
Salisbury Av on will be considered as a once continuous nv er m order to 

illustrate this point . , . , ^ ^ , t. 

Todav the middle Severn from the Ironbridgc Gorge to Tewkesbury 
and Its ttibutary the Siourbndgc Stour both follow a remarkably 
persistent course soutirtouth-eastwards (It is worth noting in passing 
that there is an array of south-east and south flowing streams even 
further north than the Wrekm and Cannock Chase, some of them 
tnbutanes of the intrusive Trent, which could be considered as 
headstreams of major south flcwing nvers like the Severn) At 
Tewkesburv the course of the River ^'cm ti interrupted in two major 
wavs. It 1 $ joined bv the Warwickshire Avon, considered to be a glacial 
diversion of Saalian Age (Stephens. 1970), and it is captured by the 
lower Severn working back nonh-castwards along the stnke of the 
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Cotswold escarpment The River Chum represents the beheaded former 
course of the Severn, trending southwards obliquely across the Jurassic 
dip before it. m turn, Is captured by another Jurassic strike river, this 
time the River Thames. The former southerly extension of the Severn- 
Chum must have crossed the Marlborough Downs, just as the south- 
ward flowing upper Kennct does today as far as Avebury. But the 
middle Kcnnet is a structure-guidcd nver which, in the post early- 
Miocene period, broke into and disrupted the old north-south 
alignments and so beheaded the Salisbury Avon, thus depriving it of its 
Sevem-Chum headwater. Today the Salisbury Avon has to be content 
to employ its much more limited headstreams to unroof the Vale of 
Pewscy, a Miocene anticline {rigurc7.2) From its mouth at Christ- 
chutch to Its suutce in Pewscy Vale, the Salisbury Avon follow’s a 
course transverse to structure, transverse to the regional dip, to the 
trend of the Miocene folds and to local strike lines It surely played a 
major part in the breach of the southern Chalk nm of the Hampshire 
Basin between Ballard Down and the Needles 


Conclusion 

The purpose of this essay has been to examine the enduring evidence of 
past events recorded by the different elements of drainage patterns. By 
looking first at the Bristol district, an erosional hinge-point in 
geomorphologicaJ studies, the histoiy of the river pattern was hypoth^ 
sised and then extended in a speculative fashion to a wider area. It is 
not claimed that this particular tntemrctation is necessarily correct, 
indeed, only extensive work in the field could test its veracity, but 
rather that such an hypothesis is an essential prelude to field study m 
that It focuses attention on key sites. Geomorphological studies on the 
basis of ‘hard’ evidence such as deposits and erosional facets ^lone, to 
the exclusion of the drainage pattern, ignore a most important key to 
the past 
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Chapter 8 


Analyses of Image Data from 
Meteorological Satellites 

Eric Barrett 


Until recently, cljmatolog) bore certain marks of middle age, most 
distressingly set ways, and a seeming lack of amb/non Todaj, 
meteorological satellites are prompting a timely reiuvenation, so mu^ 
so that modem macrcKlimatologyisvibrant with aiscovery, discussion, 
experimentation and innovation Remote sensing, flourishing m many 
geophysical and environmental saences, has proved particularly 
advantageous for studying the Barth's atmosphenc envelope It has 
been observed that The requirements of modem meteorology, 
hydrology and related geosciences cannot be provided by any 
imaginable network of pracucal in sira sensors’ (Yates, 1970) 
Fortunately, they can be met in large pan bj existing observatories in 
Orbit Modem methods of remote sensing permit the collecnon of data 
On a scale so uniform, with a coverage so frequent, that competmon by 
conventional (‘direct’) means would be prohibitively expensive or 
otherwise virtually impossible for other reasons. Another invaluable 
bonus stems from the fact that the physical indications given by remote 
sensing data are often different from those implicit m conventional 
observations 

In Bristol, a team has concerned itself with the processing and 
analysis of weather satellite dau, paniculirly wiih a view to the 
development and/or improvement of lediniques suitable for routine 
application, but relying on a minimum of sophisticated equipment 
With limited resources at our disposal it seemed impracticable to try to 
compete with the Amencans and Russuns at the higher levels of 
sophistication However, it is our belief that few present or potential 
operational users of satellite data around the world are in a position to 
do so cither Since reviews of Amcncan and Russun research m satellite 
meteorology and climatolog) are numemus, this paper is concerned 
pnmanJy with a review of our own work in BnsioL To seme, it may 
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seem a collection of unfinished studies and partly-developed ideas and 
techniques, but it wHl have adiieved its object if it stimulates fresh 
ideas to further methodological or conceptual progress m climatoIog>' 


Qimatic analyses 

The advantages and disadvantages of weather satellite data in climato- 
logical studies have been discussed etsewhere So, too, have been the 
principal problems associated with their rouone use (Barrett, 1974a) 
The chief opportunities may be emphasised by listing the uses to which 
such data may he put These indude 

1 completing maps of climatologica) elements especially m regions 
of sparse conventional data coverage, c g maps of cloud cover 
across the ttopvcal Pacific Ocean, 

2 mappmg climatological variables which were previously amenable 
to cstimanon alone, e g the pattern of the net radiation balance 
at the top of the Earth’s atmosphere, 

3 mapping variables previously unconsidcrcd, c g radiaoon 
temperatures of cloud tops exposed to space, 

4 classifying climates on new bases, e,g in terms of net radiation 
balance, vorticicy dismbuoons and humidity regimes 

Until now, few techniques have been developed specifically to aid 
the study of climatology fiom satellites How e\ er, as we move into the 
second decade of operational satellite activities (1975—84) there must 
be an upsurge of interest m this field as the runs of available data from 
satellites lengthen In addition to the academic benefits derived from 
new inventories of atmosphcnc behaviour, practical benefits will surely 
multiply Already some spaceflight operanons are bemg planned using 
global cloud cover modeb based m part on satellite data (Salomonson, 
1969) This IS but one example of the many practical applications 
which spnng to muid 

Cloud cover dtstnbutions 

Many methods have been investigated for extracting cloud cover 
information from visible images, whether photographs or scanning 
ladiomeier photo-strips (Plate 8 1) These include freehand (Sadler, 
1971), photographic (Komfidd ct a}, 1967) and computer based 
(Taylor and Wmston, 1968, Miller, 1971) teiimques Of these, the 
simplest and cheapest to undertake is the first. Amongst our earliest 
work was the preparaoon of sets of mean cloud maps from Essa 
satellite imagery, using a 2V4" gnd mtcrsection sampling technique 
(Barrett, 1970a) Such maps could not be compiled either so quickly or 
so uniformly from convennonal dau sources Although the maps arc 
rather generalised (Figure 8 1), diqr are useful m revealing synopQC and 
sub-synoptic scale climatic sequences, even in quite remote regions of 
the world 
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Some ma) cnticisc such freehand (‘cyebah’) techniques of cloud 
mapping preferring more 'objcctne* photographic or numerical 
methods The fact is that the eje-brain system, operated with 
cxpenencc, can make immediate allowances for some picture features, 
not due to clouds, which cause difHculties in objcrtive analyses, e g the 
background bnghtness of the planetary surface 

Synopticalfy-sigrn/icant efoud masses 

Numerous workers ha\e identified tracked the movements and plotted 
the distnbutions of specific types of synoptic weather systems 
portrayed by satellite images or first-order abstractions such as 
ncphanaljscs Some of these weather systems have long been known by 
the meteorological community Examples include tsopvcal cyclones 
(c g Simpson er al, 19d7) and mid latitude depressions (e g Streten and 
Troup 1973) Others were previously unrecognised for example 
inverted V-waves (Frank, 1969) or not widely accepted, for CLcample 
the spill iniertfopical doud band (Hubert ef al, 1969, Pike 1971) 
Figure 8 2 illustrates our proposals fot the tangc of forms which the 
mtertropical cloud band (1 T C B ) may adopt Elsewhere the global and 
seasonal distributions of the various modes of the 1 T CB have been 
portrayed (Barrett, 1974b) 

More thought in Bristol has been given to the possibdity of 
expanding the tange of standard ehmatolopcal maps than to the 

mapping of individual features, however unexpected or interesting they 

may be One of our proposals tnvoKes fortnightly or monthly maps of 
‘synoptically-significant nephsystems’ These can be prepared from 
official U S leather Bureau nephanaiyses Such charts depict synop- 
tically significant' cloud masses by a very dmmctrve stippling It was 
demonstrated by Barrett (1971) that monthly maps, through specially 
designed symbols, could provnde useful ('explanatory') links between 
more traditional types of climatic maps showing such parameters as 
pressure and wuids, satellite-denved mean cloud cover, and estimated 
rainfall We have recently revised and unproved our programme for 
mapping significant nephsystems m the following ways 

1 no scale filter’ is applied now m their construction Every cloud 
area depicted as ‘^nopucally significant’ on the American 
ncphanalysis is now included, without exception, 

2 adjustments have been made to the classificatory criteria (see 
Table 8 1) so that medium lo small cumulonimbus cloud clusters, 
circulanfonn m plan arc separately represented These are quite 
newly recognised as being of considerable significance m tropical 
climatology They did not appear m our original scheme 

The pnncipal purpose for whidi maps of significant nephsystems are 
compiled is to provide a dyiumic view of the chief weather structures 
which contnbute to monthly cltmatic patterns. A subordinate purpose 
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gained from viewing than in their own terms, or even — revasuig the 
normal roles — as the primary reference data with which the others, 
now the conventional climatic statisttcs, should be compared There is 
much scope for creative thmkmg in diis area of climatology 


Meteorological and hydrological analyses 
Patterns of wind flota 

Linear or elongated cloud features are common m wcatha satellite 
imagery (Barrett, 19d8, 1970a) Although, for well known reasons, 
many such features ate poor indicators of the direction of wind flow m 
any reasonably shallow layer of the atmosphere, there is general 
agreement that the more shallow nephlincs are dommandy arranged m 
a downwind direction Consequently, streamline maps can be con 
structed from carefully selected cloud evidence m images whose 
resolution is adequate Althou^ such maps have been superseded m 
low latitudes with the advent of geosynchronous satellites, smoothed 
nephline analyses still have a part to play m middle latitudes, 
paroeulaily over open oceans Within the tropics, wind mappmg 
lechruques based on cloud motion vectors (e g Fujita et al 1969) ate 
more satisfactory for shon term forecasting but beyond about 40*N 
and S of the equator foreshortening, due to the curvature of the globe, 
becomes an over riding difficulty 

The displacement of bright nepbmasses 

In some regions, an analyocal technique whidi can be regarded as a 
climatological counterpart of the meteorological method of cloud 
moDon vector contrucoon may be employed to reveal the climatic 
nature and behaviour of certain air streams or air masses The Indian 
Ocean suitably data<emotc m the convcnnonal sense, provides an 
example. Figure 8 4a— f represents a crude Lagrangian view of horizontal 
motions through the greater part of the South Asian monsoon season of 
1967 on a month-bymionth basis (Hamilton, 1973, 1974) Although 
problems Vrcre caused by fission and fusion of some of the small, 
bnghtly-reflcctivc cloud dusters (‘nephmasscs ) which were tracked 
from day to day, and interpretation is complicated by some inevitable 
alQtudmal blurring by circubtions centred at different tropospheric 
levds, such maps do reveal tntacsting featiues of the maao-smicture 
and behaviour of the summer monsoon Note cspeaally the patchy 
nature of convection doud m the monsoon air'mass, its progressive 
expansion and retreat especuBy north of the equator, and the 
sparseness of dear evidence of widc^icad trans-equatorial air flow On 
such a time scale as this, the long-awaited geosjmehronous satellite over 
the Indian Ocean will probably reveal bttle more Its important 
contribution will be to the study of the many very short-lived cloud 
dusters which we know survive for two days or less 
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Regional rainfall distributions 

The author’s interest m mapping and estimating rainfall from weather 
satellite data was aroused during a visit to Australia in 1969 Rainfall 
mapping m that region is hampered both in the conunental intcnor and 
o\er the surrounding sea areas espeoaUy to the west and south by the 
sparseness or absence of conventional recording stations Furthermore, 
It can be argued that maps of rainfall compiled from ground 
sources — with all their mstrumcntally and topographically induced 
inhomogenemes— arc not necessarily the best that can be conceived 
for input to computer models of the global circulation and the 
hydrological cycle Consequently, an attempt was made to develop a 
method for the estunation of monthly rainfall from satellite neph 
analyses or photographs Resulung rainfall maps would benefit from 
the fact that one or two satellites can provide all the necessary 
evidence, and that a grid intersccQon technique would smooth out the 
more abrupt local rainfall varuaons caused by surface relief 

Eventually, it was decided to analyse cloud fields for strength of 
cloud cover and cloud t)’pe Different cloud families were accorded 
appropriate indices for their associated rainfall probabilities and 
intensities The monthly compound cloud indices for a set of key 
stations were correlated with observed ramfall totals by regression 
techniques (Barrett 1970b, 1971) and rainfall estimation maps were 
prepared for the tropical Far East (Figure 8 5) A simibr technique was 
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apphed Jarer to indivtdua! stations in the indian sulxonrinent 
(HamJton, 1973) 

Daily rawfall esitmaCtons 

The monthly method for mapping rainfall was adopted and modified 
by Follansbee (1973) for estimating dady rainfall from satellite 
photographs for a wide range of localities including peninsular Tlonda, 
southern California, Arkansas, Louisiana and Mississippi m North 
America, as well as Zambia, India and the Mekong Basin in south-east 
Asia Currently, the present author is evaluating a further denvatne of 
the monthly method in semi-and areas around the Persian Gulf 
Although the results have been encouraging — in some cases the best 
avadable for hydrological forecasting purposes — a purpose-built daily 
technique may be preferred especially where estimates arc required for 
very small basins, or even for forecasts for point locations In the new 
model, It was proposed to identify, on a satellite ncphanalysts. a 
quadrant which was upwind from the forecasting station, with a radius 
related to the speed of the approaching weather (see Figure 8 6) Cloud 
cover, rainfall probability and intensity mdtees were developed as 
before, and plots of rainfall estunates against rainfall measurements 
Nscre used to prepare a nomogram of forecast rainfall by classes (cf 
figures?) Over a trial period of six months a forecast accuracy of 
over 74% was achieved, good enough to warrant further developments 
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Rainfall forecasts for nver catchments 

In order to expand the range of applications to which the satellite 
rainfall analyses might be put, recent tests ha>e centred on a small 
catchment in south Somerset, namely the Lower Parrett (25 x 40 km) 
which drains into the Bristol Channel near Bndg\satcr Mean daily 
rainfalls have been calculated from sixteen conventional stanons 
through an evaluation period for whidi a forecasting nomogram was 
prepared (Figure 8 7) Usmg the mean precipitation over the basin, the 
influence of local anomalies is reduced Further, such satellite estimates 
can be used directly in mean basin depth/area estimation for h>dro- 
logical forecasting and river control There arc three other important 
procedural differences compared with the original Valentia method 

1 approaching weather is assessed on the basis of the Metcoro' 
logical Office prebarattc chart for 24 hours ahead, not the 850 mb 
wind at the bcginningof the forecast period, 

2 m view of the greater confidence with which the appropnate 
clouds can be identified by means of 1 (above), the rainfall 
coefficient each day is calculated for a 30** segment astride the 
predfcfed line of approach of the weather, not a PO* quadrant as 
before, 

3 shortcomings in the official US Weather Bureau nephanalyses 
(e g their frequent failure to specif) cumulonimbus m cold 
frontal and cold sector sittiations) are circumv ented by the use of 
satellite photographs or visible scanning radiometer picture stnps 
m preference 

Results for the initial trul ‘forecast’ period (July-Decembcr 1970) 
were good The correct class of rainfall was obtained on more than 70^ 
of all occasions for which the data were available This level of success 
was achieved despite the lower range of dailj rainfall totals in the 
Lower Parrett basin than at Valentia and despite the sub-dmsion for 
the first time of the 'heavy ’ ramfali category into subordinate 'heasy \ 
‘heavy, or very heavy’, and ‘\cr) heavy’ categories as shown m 
Table 8 2 For many hjdrological purposes, such as h)drogr3ph 
prediction for river management and flood control, the more extreme 
events are usuall) the more significant (Barrett, l973b) 

At present, we arc investigating the scope for rtrduang the freehand 
components m this rainfall esiunation/prcdicDon method One possi 
bihty IS to consider the approaching cloud only along the predicted line 
of approach of the weather, analysing this with a one-dimcnsionaf 

microdensitometcr (Figure 8 8) Another possibility is that Kxltces of 

cloud brightness and texture established by semi-objcctive means might 
be combined to pve an indicanon of the broad scale rainfall field (sec 
Figure 8 9 and Table 8 3) Such an approach could be made more full) 
objective using a s)Stcm like the (^antimet 720 analog computer 
appi) mg a ground-cut technique to map cloud brightness, and a feature 
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TABIX 8 2 

A ebfek lat fo^ tbe Loser pjrrrtt 
Sorrenet reUif'ig sJteUite-eoaliuieJ ranf^Il 
prfJiaton iiditex to cUsses of ratnfall for 
24-bouT forecesit 


ReiJifaU eetegory 
(Rjste elesses to 
Italics) 

Range 

(inches) 

RPI 

Wn beew 

>0 25 

>410 

VJeav) /\ cry Heavy 

>014 

340-409 

Hetay 

01+-0 25 

285-339 

Modcrate/Heavy 

a04-0 2S 

235-284 

Moderate 

004-0 13 

150-234 

Light/Moderate 

001-013 

115-149 

L«ib« 

001-003 

85-114 

Uttle/Nomn 

000-003 

40- 84 

Dry 

000 

0- 39 


TABLE 8 } 

Ohserud uytiombips betsten uttUae^botograpbed eloudt analyitd in terms of 
tbeir brightness end texture Category t oe^urrolent to (1) tn Figure S 9 eategartes 
2and3to(2) estegones d ond 5 to (3} end estegortet 6-10 to (4) 


Cloud 

Cloud brightness 


UxiUTt 

B„gb, 

Subdued 

JJim 


1 

4 

7 

Smooth 

QiNb mth G anvils 

St 

a 


CuNb elusteis 

At Sc 

a St 


NiSt 

Q shields 

Fog 


2 

5 

8 

Granular 

Scanned CuNb 

Scattered OiNb 

G bands 

oe 

«itb Q anvils 

and/or CuCg 


itrutcd 

Cellular CuNb 

Mixed CuNh/OSt 

Low Si— C u sheets 

Al len 

Fair oieathct 

Cu 


3 

6 

9 

Rough 

CuCg fields 

Dissipaiing 
ctimiiliform and/or 
stratiform patches 

Island wake eddies 

Monsoon clouds 
Brolceo cumulifona 
and? or saaDfonn 
patches 

Celhltar St— Cu 

Other topograpicsUy 
induced cloud features 
10 

Goud free areas 
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Figure B 9 A tomb»ned bnghmtss/rcatute map for a quadrant of the notthetn- 
hetiusphere from Essa 8 visible iroagery. 20th June, 1970 This was constructed 
from brightness infonnatjon obtained ^ vanabty adjusting the image displayed on 
a suitable cathode ray tube and a texture analysis obtained by using an sppropnatc 
capacitor as a band-pass filter to present the image m relief model form. Smooth 
granular or striated and rough areas were disai^uhed from one another by hand 
Categories of doud types set out in Table 8 3 were grouped in tcrnii of types and 
intensities of ram l/nfortonately. n is difficult, using this approach to allow for 
background bnghtness (eg over North Afnea. in the south-east of the area covered 
by Figure 8 9) exceptit^ by a final ‘eyeball assessment. 


count to map cloud texure Sunibr results might be achieved using 
Agfacontout film This would have the advantage of relative cheapness 
but poses problems of calibration and quality control 

Other groups of woikcrs are adopting different approaches to this 
problem, amply summarised by Maran and Scherer (1973) These 
include oaminaDon of image bnghtness, mfrared data, and radar 
displays, m comparison with conventionally measured rainfall How 
ever, at the time of writing, none has given bencr results than the 
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Valenna/Bndgwater method It is possible that ESMR (Electrically 
Scanning Aticrowavc Radiometer) data of the type provided first by 
Nimbus 5 may eventually prove the most useful satellite data of all, 
though, for technical reasons, for sea areas only From the Nimbus 5 
ESMR data, maps of rainfall intensiQ' have been produced in units of 
mm/hr of rain (Wilheitetal, 1973) \\c might hope that quite accurate 
short term forecasts of rainfal) in sea and coastal areas could be derived 
from the mtcgration of such mcensines over appropriate forecasting 
segments, provided that, as m the Valcntia and Bndgw'atcr cases, the 
rainfall processes are advecnonal rather than convectional and linle 
weather development is expected Although the rcstnction of the 
utility of such methods to sea and coastal areas is m some W'ays 
unfortunate, it is preascly m these regions that rainfall forccasnng ^ 
conventional means is most difficult As in so many other situations, we 
sec the satellite as a complement to rather than a replacement for, the 
conventional weather observatory 


Operational cloud analyses 
Satellite nephanalyses 

The term 'nephanalysis* was already m everyday meteorological use m 
presatellite days, meaning the analysis of cloudiness, usuall) from the 
normal observing viewpoint on the ground With the arrival of weather 
satellites new forms of nephanalyses were quickly introduced So one 
of the earliest, simplest, and most enduring methods of visible 
waveband imagery analysis has been the freehand compilation of 
schematic cloud chans, sardine nephanalj'ses (see Barren, 1970c, 
1974a) Figure 8 10 summarises the wide range of nephanalyses that 
have been considered, and the types of uses to which they have been 
put Considenng that general nephanalyses have been used widely in 
climatic resear^ and are commonfy the only form of satellite 
information suppbed to the short term forecaster m image form, it is 
surprising that there has been no generally accepted advance on the 
standard (genera!) scheme for ncphanaJysis construcoon for abour a 
decade Proposals for mulnspectral cloud t)pe idennficaoon methods 
using MRIR (Medium Resolution Infrared) measurements hold con 
sidcrable promise for the future (Sbenk and Holub, 1973), but single 
ii'Sivbsnd mediods coftairac to morrspoJctc ibr cpevsr.'tfwaJ field 
for some time to come Earlier studies mentioned m this paper alluded 
to shortcomings in the standard ncphanal> sis procedure It seemed to 
us that there were several ways in whidi improvements could be made 
(Harris and Barrett, 1975) These included 

1 formalising the rules for nephanalysis conitrucuon 

2 increasing the mformation content 




imijicry <lnrli>prd lo JaK Most tie cxeeuied by long hand ( eyeball') techniques 
Mott, if not all, should b« amenable to automatic (objeeiive’) techniques Current 
work at ilrisiol is directed towards this goal 
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3 increasing the frequency of covers^, 

4 reducing the Ic\tI of subjectivity in the consmicuon process 

The first Uvo improvements are possible using a freehand approach 
to visible imagery analysis The third necessitates the use of infrared 
imagery in addition to, or instead of, visible imagery The fourth 
involves automatic analytical techniques 

Improved freehand nepbattalysts 

In the consmicuon of standard satellite ncphanalyscs, it seems that the 
analyst is free to go about the task as he pleases Although there js a 
recognised code of nephanalysis symbols, there are no established rules 
governing the order m which different types of features should be 
sought. Not surprisingly, it is evident that the practice of nephanalysis 
construction differs from country to countr>' and from one analyst to 
another Different results may be obtained if, for example, one analyst 
draws his first boundanes around areas of uniform cloud and 
another around areas of equal cloud cover Figure 8 1 1 summarises the 
sequence of construction stages we would like to sec adopted as 
sundard practice 

Turning to the question of inaeased information content, the 
standard nephanalysis is open to cmicism, partly on the rather limited 
range of synopticaUy intetpreced features it porrwj s, and partly on the 
range and detail of its cloud provinces We would like to see included in 
the nephanalysis all features with an areal extent greater than 
square, as well as all linear features (eg cloud streets or stnations) 
more Aan 5“ of latitude or longitude in length (whichever locally is the 
shorter), and no cjclonic or antic>clonic rotation centres or vortical 
points should be omitted where there is reasonable certainty m their 
identification A further proposal is lhai the range of cloud rover 
catcgoncs could be increased with confidence from four to five This 
would be of benefit to the average user — especially if the standard 
notation for ‘Open’, ‘Mostly Open', ‘Mostly Covered’ and ‘Covered’ 
conditions were dropped in favour of median v’alues for five equal 
percentage classes At a glance, the user could then obtam a meaningful 
estimate of the strength of the cloud cover 

An inevitable problem attending the proposed increase in the 
informaaon content of the satellite nephanalysis would be the danger 
of overloading the chart We estimate ^at ourproposalswould lead to 
an Ancryase o/ between 3 —5 tstnrf tibf standard jnf£fxvatj£<n eemtent 
Out solution to the ovrrloading problem is a scctjonaliscd ncphanalj sis 
m three parts, as illustrated by Hate 8 2 and Figure 8 12 (Hams and 
Barrett, 1975) At the central forecasDng/automatic picture trans- 
mission facilit> , the optimum arrangement is for the flanking charts to 
be pnntcd in reverse on transparent ma^al, so that they can be folded 
m as an overlay to the others It wxiuld then be possible to examine 
each separately, or in combination with either or both of the others 




rigwreS 12 An eximple of in improved nephinil>iir following ihe icheme 
miilmed by Him. md Birte.t (1P75) Thi. ippe of prodnei ihoirld proride more 
informiiion (or ilioA term neither (oreciitem nhdrl to“P'"'"8 " 

ureful document for itehivmg (I tom Hirm end Binett 1P75 1 

Europe ii compirativcly l.milerl. but better ihin the eutteut onceuliilj 
emetiee To be meteued et ill. the uephiruljtis pto^mme mutt 
involve luftited imieeiy in idrlition to (or intleid oO the titib e 
imioety The eutteut fimily of opetatiouil urilhet silellites (Non) 
ptotidi ditnme niible, ind di>time ind nrght time inftited .mipetj 
by direct teid out to A PT tnlioui from tanning tidiomctett The 
Vltiblc imagery u recorded within the 0 5Z-0 73irm waixblnd (Plate 
8 1), and^he infrared imagcty within IOS-12Siim At a phmnri 
spaccetaft altitude of 1460 km the icauning tad.omeicti haix a pound 
tetolution of better than 4 km at nadir, and ate capable of yielding 
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radiance temperatures between 180“— 330®K to an accuracy ranging 
from 4“K to l“K at the respecnve limits (Stoldt and Havanac, 1973) 
Very High Resolution Radiometer (VHRR) images, newlj avadable by 
A J T , have the excellent resolution of 0 9 km at nadir It seems worth 
while to mvesngate 

1 the feasibility of compiling nephanalyses from mfrared images to 
compare as directly as possible with tiiose based on \ndicon 
photographs or scanning radiometer visible waveband picture 
stnps, 

2 die possibility of compiling nephanalyses solely from the infrared 
imagery, to exploit the special characteristics of such data 

Although our studies in this field have only recentlybcgun.itisvvorth 
noting the key issues which are involved Perhaps the most useful 
feature of an infrared image t$ the fairly direct relationship between the 
radution pattern and the temperature of the radiating surfaces Either 
conventional or satellite spectrometer data can be employed to provide 
the necessary scale factors for converting the radiation temperatures 
mto cloud top alncudes, so that coarse cloud top maps can be prepared 
(see Plate 8 3) from the infrared stnps (de Cotus and Conlan, 1971) 
Such maps could not be prepared from visible imagery on account of 
the much more complex physical mdicatioas gn^n by cloud bnghtness 
On the other hand, most if not all of the contents of a visible 
nephanalysis can be obtained from the mfrared imagery Certamly, at 
first sight. It would appear that a prognmme based on tvvice-daily 
infrared nephanalyses would be connderably better than one involving 
both daytime visible and night tune mfrared cloud charts 

How-ever, there u one problem in particular that must be overcome 
Aloft, the radiation temperatures of cloud tops at selected levels vary 
very little from day to night Nearer the Earth’s surface, the diumal 
temperature cycle becomes more and mere strongly marked until, 
overland the daytune radution is much stronger than the night time 
raduuon, all other things being equal This poses problems for detailed 
low -level cloud top cxammation, but hinders little the processes of 
cloud cover mapping and cloud type idennfication The self-evident 
advantages of being able to follow more closely on tw icc-daily diarts 
the movements of very mobile weather systems the development or 
dissipation of all significant cloud masses, and the dmmal rhy dims of 
cloud growth and decay, need no elaboratioru 


Aulomauc image analysis 
Genmi conjtderjttorts 

As satellite data increase m quantity and improve m quality, the 
obvious shortcomings of ton^and methods of analysis arc forcing us to 
ask whether there might be relatnxly inexpensive ways m which more 
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objecnvc products could be achieved automatically Several com 
mcrctal systems for image data analysis and display have ready 
applications in satellite meteorology and climatology Those wt have 
investigated include 

1 electronic scanning miaodensitometers (eg jojee Locbl Alk.111 
CS) Coupled with a suitable computer onc-dimcnsional densitv 
traces from satellite images can be combined into two- 
dimensional displays Cloud features can be mapped and 
analysed m terms of brightness and texture either statistically or 
by eye 

2 analog computers with a photographic input (c.g the Quantimct 
720) Cloud areas above a selected ( ground cut ) bnghtness levxl 
(Plate 8 4) cloud shapes and numbers of cloud elements can be 
rapidly assessed in selected regions 

3 image enhancers (e g the Datacolor 703) Black and white cloud 
images can be quickly rendered in selected colours for purposes of 
cloud identification and display 

\Vc are of the opinion that useful as such s> stems maj be the 
optimum data retrieval method i$ likeJ> to be achieved b> d rect input 
of a tape recorded signal from an APT facHit) into the computer 
(Home 1974) Thismaj bejustified as follows 

1 an input of photographic posirit'cs using a tidicon camera and 
special interface hardware is advcr$cl> affected by the high 
signal to-noise ratio of vidicon cameras the limited d> namic range 
of photoposjtives (approx. 20dB) and the difficult) of buildup 
effective hardware interfaces to relatively cheap lovr-specd digital 
computers from standard vidicon cameras with ihcir high operat 
ing speeds 

2 an input of photographic negatnTS is subject to the same 
problems as 1 despite the fact that the dynamic range of the 
negatives is'-lOdB greater this is still much less than the 
dynamic digital range of a small eompurer such as the PDF BE 
(approx 63dB) 

3 an input of tape-recorded A.PT scans for direct sampling ts 
unaffected by the further processing which is earned out 
following final dcmoduUuon before application to facsimile 
machines This produces a deliberate degradation of a signal from 
the point of view of computer input Adopting the tape-recorded 
APT data as the input tw-o broad approaches to cloud mapping 
analysis and recognition may be envisaged using rcspectnely 
analog and digital techniques 


Analog teebnujues 

Perhaps the simplest task involves the compilation of brightness- 
contoured maps from visible image data or temperature-contoured 
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maps from infrared una^ data By electronic means, key points can be 
identified on each of the continuously-vanablc scan lines These can be 
linked from line to line to give a two-dimensional display If vertical 
scale factors arc incorporated m the procedure as an additional type of 
specification, cloud top maps may be prepared, similar to that included 
as Plate 8 3 Figure 8 13 is a computer algorithm for this type of 
product 



F^re 8 13 An outline of a eonipuKr algonthm for a program to produce 
three-dimensional (clouij height) siulyscs of satellite infrared imagery (see also 
Plate 8 3) ® 
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Digital techniques 

We may examine two possibilities from the many that spring to mind 
Both mvolvc the two^iimensional Founer transform In the same way 
that a onc-dimcnsional Fourier transfonn represents a tune signal by a 
set of sinusoidal frequency components (the ‘spectrum’), the nvo- 
dimensional transform produces a spatial frequency specification of a 
twoKliracnsional space matrix In the digiu! computer the two- 
dimensional Founer transform has a counterpart known as the Discrete 
Founer Transform (D F T ) which can now be computed itry rapidly 
Operations which were previously earned out in the space domain can 
now be earned out mu^ more quick]} in the frequency domain The 
saving istn the order of 2N log* N compared with N* operations, which 
is very considerable given that for a satellite picture matrix N would 
typically be 50 000 or 100 000 The DFT might be used in the 
following ways to assist in objective pattern matching procedures, e g 
for classifying the concents of a cloud image in tenns of its textural 
variations 

1 computing the D F T of a seleaed area of a picture > lelds its 
spectrum If this is segregated into a set of annular areas, an 
indication is given of the character of the picture sample b} the 
set of total energies in the annuli Applied initially to a senes of 
type-example areas of different clouds, a Tmgcipnnt bank’ may 
be built up fay these means For example, the 'fmgerpnni’ for a 
strap of stratiform clouds will be very different from that for 
scattered cumuli Operationally, each area of the unknown 
photograph would be matched against the key set and classified 
accordingly, 

2 filter templates maj be prepared from classical images and with 
these new images may be matched The DFT of the unknowTi 
picture area is multiplied by the complex conjugate of the DFT 
of the template picture Tbe resultant convolution plane contains 
peaks where the unknown image most closely resembles the 
charactensacs of the template Further analysis is then necessary 
before it can be said where the picture is somlir to the matched 
filter, what proportion is similar, and how great the similarity is 
Although the technique is more sensitive than I above, its use a 
complicated by rotanonal factors 

Unfortunately, such methods depart somewhat from the aim of 
establishing relatively cheap and simple techniques for satellite image 
anal} sis However, a system can be envisaged wherem a small computer 
like the PDF 8 can be used for input to the digital w orld and output to 
the visual world (Home, 1974), it combines the flexibility of a small 
low-speed machine with the capacity and speed of a mam computer 
Thus, even rcfativTl} sophtsneated rechniques maj come within the 
reach of numerous operators The next generation of polar^irbiting 
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satellites after Noaa in the operational senes will transmit data m 
digital, not analog, form Thus the TirosN system now being demed 
from Amcncan D\iSP (Defense Meteorological Satellite Program) 
configurations may lend itself paraculariy well to methods of this kind 
Many practical problems must be overcome before we can envisage 
operational applications of the more objective methods of weather 
satellite image analyses Some stem from the nature and behaviour of 
the atmosphere itsdf it is a fluid continuum whose visible tracers of 
state and motion can adopt an cnoimous vanety of shapes, sizes, 
aggregations and patterns of organisation To make matters worse, 
many clouds have diffuse, not sharp, margins Consequently, many of 
the established pattern-recognition techniques arc not amenable to 
weather satellite image analy sis 


Summary and conclusions 

Many years ha\e elapsed since the first mcteorologically'-spcciabsed 
environmental survey satellites were orbited The stimulus weather 
satellites gave to atmosphenc saence is powerfully attested by the 
compendious literature which has grown up dealing with weather 
satellite data Rather surprisingly , however, most published works have 
featured either processing and analytical techniques that could be 
carried out on a routine basis only by very large central faciliDCS, or 
other techniques of rather local appbcation, restricted or piecemeal in 
scope The work at Bnstol has been aimed beriveen these two extremes, 
at Xhi development of methods which could be applied broadly, swth or 
without local modiflcacion, by technical means ivithin the scope of any 
institution able to afford an A.PT receiving station for routine 
near real umc work, or able to acquire rectified, normalised data from 
the archives in the USA for meteorological research and/of climato* 
logical studies Without doubt, wc have only begun to scratch the 
surface of this fascinating problem 


ACKNOWLEDGEMENTS 

1 would like to express my sincere thanks to satellite meteorologists 
around the world, but in the USA. and Australia in particular^ for 
their encouragement during ten years of research My thanks are due 
especially to Mr VmctntJ 01wtT,Chicf,ApphcationsBranch,N OA A , 
Suitland, Md , for keeping me m touch with new developments m the 
US Weather Bureau It has been stimulating to share my personal 
mierest in this field with recent research students m the Unwetsity of 
Bnstol, especially Dr M G Hamilton (now of the Observatory, 



Image Data from Meteorologtcal SatcIJites 195 

Edgbaston), Mr R J Gurney and Mr R Mams, with Dr D Home 
dunng his research at the Um\'ers«>' of Bath, and mth numerous 
undergraduate students who hate chipped away at problems in satellite 
climatology and meteorology »n projects and dissertations 


REFERENCES 

Barrett £ C,(196S) Tie CoHtnhitioH of Ueieoroloptil Saitlhtei to Dynamic 
Climatology unpubluhed Ph D th«i$ Ontimitj of Bristol 
Barrett E C (1970j) 'A contribution to the dynamic dimatology of the 
equatonal eastern Pacific and central America, based on meteorological satellite 
dau', Traits IntUtute of BnnsbCcopapbm.Sti 25—53 
Barrett, E C <1970b) The estimation of monthly rainfall from satellite data’. 
Monthly Weather Rmca 98,322—27 

Barrett. E C (1970c) 'Rethinking elimatologv’. Oiiptcr 4 in Board C. R J 
Chorlcy, P (bggett and D R Stoddart <ed&) Rropets m Ceopapby, Vol 2, 
Arnold, 154-205 

Barrett. £ C (1971) ‘The tropical Far Can £SSA utelhte extiuiuoni ol high 
season clinuDC patterns , Geograpbital Journal 137, 535-55 
Barrett, E C (1973a) 'Forecisting daily nmfal) from utelliie dau'. Monthly 
Weather Revieta, lOl 215-22 

Barren, E C (1973b) Satellite Data m Rainfall and Catchment Reuartb British 
Association for the Advancement of Science Section E Paper 82 Canterbury 
Barrett, E G {1974a) CUmatolofy from Satellite* Methuen 
Barrett E C (1974b) Tropical climatology from saiellitn ,y Bnt Interplanetary 
Soe.Z7 48-d5 

Crowe, P R (1971) Conceprr in Chmaro/ogy. Longman 

de Cotiis A.G and E Contai*. (1971) ‘Ooud information in three tpaiul 
dimensions using IR thermal imagery and vertical temperature profile data 
Rroc of the Vlltb IniernationalS^mporiumon Remote Senting of tn-iro'imrnt 
May 17-21, 1971, University of Michigan. 595-606 
FoIIandsec, \\ A (1973) ‘Estimation of avenge daily rainfall satellite cloud 
photographs’, NOAA Technical AiemoranJum \CSS 44, US Department of 
Commerce 

Frank N (1969) The * invTrted V cloud pattern - an easterly wave? , 

Weather Rerien, 97, 130—40 

Fujita, T T, K Vtaranabe and T Irawa (1969) ‘Formation and structure o( 
cquatonal anticyclones caused by largMciJc cross-equaiorul flowa determined 
byATS-1 phacognpht'.J Applied Meieorologf g 649-67 
Cumey, R } (1974) frc^acncy Domhutioiis o/evmjWcr jt I iiVBtu 1970 from 
Satellite and Coneenttonal Measarements, unpublished notes Unnersity of 
Bristol 

Hamilton, M C (1973) Salell'ie Smdies of the Sotih ^tun Summer Uontaon 
unpublished Ph D thesis Department of Geography, University of BrittoL 
Hamition MG (1974) ‘A satellite view of the South Asian Summer Monvoon 
Hcjr6er. 26 82-95 

Hams R A and t C Barrett (1975) An improved utelliie nephanilysis 
Meteorological Magazine 104 9-16 



196 Processes in Physical and Human Geography 

Home, D (1974) Applications of Image Processing to APT Data, unpublished 
notes Um«rsity of Bath 

Huben, L. F . A. F Krueger and ). S Winston, (1969) The double intertropical 
con\ergeoce rone — fact or flcuon*’,/ Atfworpbmc Sciences 26,771—73 
Komfield. J , A. F Hasler, K J Hanson and V E Suomi (1967) 'Photographic 
cloud climatology from ESSA IV and V compute^produced mosaics’, Bull 
American Meteorologteal Sectetyt^^ 878—83 
Leigh, R M. (1973) Trepospberte Relative Humidity and Cloudiness, unpublished 
Ph D thesis, James Cook Umvcrsiry of North Queensland 
Mamn, D W and W D Scherer, (1973) ‘Review of satellite rainfall estimation 
methods’. Bull American Meteorological Society, 54,661-74 
Miller, D B (1971) Global Atlas of Relative Cloud Cover, V S Department of 
Commerce, U S A F 

Pike A.C (1971) ’Intertropical convergence zone studied with an interacting 
atmosphere and ocean model . Monthly Weather Renew 99, 469—77 
Sadler. J C (1971) "The analysis of cloud amount from satellite data’, Frans A/CW 
Vojfc Academy ofSemces, Senes 11,35. 456—53 
Salomonson V V (1969) Cloud Statistics in Earth Resources Technology 
Sattlhtt (ERTS! AfiSHon Planning NASA Report No X-622-69 586 Goddard 
Space Flight Center, Greenbeh, Maryland 

Shenk, WE and R J Holub (1973) A Multispeetral Cloud Type Identification 
Method Using Nimbus 3 MRIR Measurements, Conference on Atmospheric 
Radiation Aug 7—9, 1975. Fort CoUins Colorado Preprint Vol American 
Meteorological Society 

Simpson R. H . N L Frank. D Shidelerand H M Johnson (1967) 'Atlantic 
tropical disturbances, 1967'.AfonlWyMc«6erR«ieB>, 96, 2S1-S9 
Sioldt, N W and P J Havanac (1973) Compendium of Meteorological Satellites 
and Instrumentation National Aeronautics and Space Admin , N5SDC 75—02, 
Goddard Space Flight Centre, Creenbelt, Maryland 
Streien, N A and A J Troup (1973) 'A synoptic climatology of satellite 
observed cloud vortices over the Southern Hettusphete’, QJ Royal Meteoro’ 
logical Society, 99, 56—72 

Taylor V R and J S Winston (1968) Monthly and Seasonal Mean Global Charts 
of Brightness from ESSA 3 and ESSA S Digitned Pictures Feb 1967— Feb 
1968 ESSA Technical Rcport.N E S C 46 
Wilheit T J Theon, W Shenk and L. Allison (1973) Meteorological Interpreta- 
tions of the Images from NmbuS 5 Electnealfy Scarmed Microwave Radiometer, 
X-6S1 73 189 (Preprint), Goddard Space Flight Centre, Creenbelt, Maryland 
Vales H W U970) ‘A general discussion of remote sensing of the atmosphere’ 
Applied Optics 9.1971-75 



198 Pro«s5« in Physical and Human Geography 

movements and wth road traffic, the bridge bang closed Mhile the 
operators strove to free it Short icnn interruptions of this kind were 
unwelcome and annoying, they also raised the possibility that on some 
occasion the bridge might jam and remain jammed despite the best 
efforts of the operators and engineering staff The implications of this 
latter situation were very grave indeed, the roots of the problem’s 
severity laj m the geography of the situation, specifically in the 
configuration of the Avon duimel and its large tidid range For ships 
sailmg from Avonmouth to the Qty Docks on the tide there is a pomt 
of no tetum. Once beyond this point, they must complete the journey 
to the Cumberland Basin and City Docks, for they cannot turn m the 
nver channel, nor can they safely beach as the tide level falls Once 
ships have reached the entrance to the Cumberland Basin the PlimsoU 
Bridge must open to allow them into the sanctuary of the Basin with its 
lock controlled water level If the PIimsoH Bridge were jammed against 
them, two or three ships, depending on their size, could be safely 
accommodated using the entrance lock and a beachmg grid If, 
however, a greater number of vessels were involved, the excess number 
would become grounded in the channel at low Qde and might break 
theu* backs. This would result in considerable financial loss and might 
also, by blocking the channel, impound any ships that were at the time 
of the occurrence in the Cumberland Basin and City Docks Clearly the 
jamming of the Bndge had to «ase. 

Tbe future and cause of the jamming 

The jamming of the Badge cannot be adequately explained without 
reference to its design and the mechanical procedures governing its 
operaaon 

The Plimsoll Badge is a balanced cannlcver centre bearing swing 
bridge (Figure 9 1) The mam cross girder A, of box construction, rests 
on a centre bearing B, and from it are cantilevered tvsnu box girder 
members C, whose width remains constant but whose depth decreases 
from the central area of the bridge to its ends The upper surface is an 
orthotiopic longitudinally stiffened plate D, which forms not only the 
bridge deck but also the upper flange of the box girders The mam 
centre foundation cames the centre bearing and a nng beam track of 
12 2 m diameter E, which can be met by any of the four sets of balance 
rollers, F, as occasion demands In a sute of perfect balance, the bridge, 
when swinging free, rests only on the centre beanng and the balance 
rollers are clear of the nng beam tcaek. The balance collerx serve to 
accommodate certain conditions including two that are climatically 
induced. Any action of the wind on the badge supcrstructuic or uneven 
snow or ice loading results in the balance rollers mcetmg the nng beam 
so providing support and ensurmg stability 

NVben the badge is open to road traffic, it is fixed in the correct 
alignment and given support The two ends of the main cross girder are 
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wedged to give with the centre bcanng a three-point support sjstem 
Each end of the bridge is supported bj four roller bearings which project 
from the concrete road abutments G Finally there are nose-locking 
bolts which arc driven out of the abutments into a recess in the badge 
to ensure its conect longitudinal alignment {Figure 9 1 Full details are 
inVai’asour Wilson Baldwin and Wollcj 1966a) 

To free the bridge pnor to swinging it so that shipping movements 
can take place a clearly defined sequence of operations is followed 

1 the ends of the centre cross girder arc raised by hydraulic jacks 
and the support wedges withdrawn hydraulically 

2 four synchronised hydraulic jacks raise the ends of the bridge 
6 4 mm and the rollers are withdrawn into recesses in the 
abutments 

3 these jacks are lowered and the bridge is m the free cantilever 
position 

4 finally the nose bolt is withdrawn into the abutments and the 
centrally housed bridge motor can swing the badge 

Pnor to swinging it is necessary to lift the ends of the bndge so that 
the rollers can be removed The ends of the bndge would if not 
supported by the rollen droop a little under their owm weight If 
tollers were placed precisely at the level of this droop then every time a 
vehicle or even a cycUst went over the end of the bridge it would 
oscillate a little, barging on the roller support Apart from any strain on 
the structure the noise would be unacceptable m an urban area. To 
overcome this effect the ends of the bndge are pushed up a little 
against their own weight and supported at this height by rollers. To 
insert the rollers at this height powerful jacks have to lift the ends of 
the bndge and then release them back onto the rollers. Jamming occurs 
when the jacks arc unable to make this lift 

The end jacks initiilly installed were each of 348 7 kN capacity’ and 
were interlocked in such a way that if the load on any jack exceeded 
that on any other jack by mote than \0% its movement was checked 
until the loads became equal m addition the jacks at each end of the 
bridge were linked in operation In this way the possibility of 
longitudinal or lateral tilling by the independent operation of jacks 
acting out of unison with excessive resultant strains in the bridge 
supeistrucrute was avoided Vavasour and Wilson writing in Vavasour 
Wdson Baldwin and tSolley (1966a 1966b) wrote that the assessment 
of the required jacking forces was made in the light of the assesseddead 
and live loadings and of temperature deflections The) reported the 
inclusion of a reserve jacking force of 30% to allow for the stiffening 
effect of the bndge surfacing They further observed that this reserve 
m ght be of value m view of the design allowance for temperature 
difference of 8 3®C between the top and bottom bridge flanges and the 
U*C noticed at incaxlv stage m the badge s life * They also note that it 
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was necessary to increase the capaaty of the jacks at the centre w edges 
from 557 9 kN to 1388 1 kN to ^ow the inscraon of the centre 
wedges under all conditions, because transverse deflections due to 
temperature had been ignored in the origmaJ design In the cxent, 
however, the continued jamming of the bndge once normal operating 
commenced demonstrated the inadequacy of the jacking system and, as 
no failure in the assessment of the dead or five loadings svas apparent, a 
rc-examination of the temperature differences that were leading to 
thermal defleaions was necessary 




<b) Letfni 


I U> 


Figure 9 2 Simplified therniil dutortxmj (sale eiaggeated) 


It seemed possible that three tyqies of thermal dcfleaion were 
occurring First, a longitudinal deflection as in Figure 9 2a, resulting 
from a temperature difference between the top and bottom flanges of 
the bridge boxes The effect, analogous to the bending of a heated 
bimetallic strip, would be to increase the forces needed to lift the ends 
of the bndge. Second, m response ro the same temperature difference a 
lateral deflection could occur, as in Figure 9 2b In this case, the force 
acquired from the centre wedge jacks wxnild be increased In both cases 
the sue of the deflection and increase m jacking force required would 
be related to the magnitude of the temperature difference between the 
top and bottom bridge flanges lastly, the possibilit) of asymmetneal 
deflection (Figure 9 2c) had to be considered. This could anse as a 
result of temperature differences between the opposite facts of the 
bndge Such asymmemes wtruld create a situation where the end loads 
Mmild no longer be es"cnlj distnbuted between the four jacks. 
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The temperature investigation 
AUcTodimattc influences 

In August, 1967, I undertook to provide the City Engineer, Surveyor 
and Planning Officer’s Department of Bristol Corporation with a report 
(Bailey, 1968) on the temperatures experienced by the Plimsoll Bridge 
superstructure, with particular reference to the magnitude of the 
temperature differences developing in the structure on hot days As a 
first step, the relationship between occurrences of jamming and the 
macrochmalic conditions was examined (Table 9 1) When, in the 
opinion of the bridge operator on duty, the jamming was caused by a 
mechanical or electrical malfunction the occurrence wus not included 
in the table Not infrequently, however, mechanical malfunctions may 
have arisen m response to the cxcesswe calls made on the equipment to 
free the bndge when it was in a 'nearly jammed’ condition Also, 
though the bridge might jam several times on the same day this has 
been logged as a single occurrence of jamming 

Study of the macroclunatic conditions at the times of jamming 
showed that jamnung was probable with a diurnal air temperature range 
of 10®C accompanied by clear skies and wind speeds <20 kph Absence 
of ram dunng the perioil further mcrcascd the probability of jamnung 
The following tentative conclusions were drawn 

1 no month could be considered entucly free of the possibility of 
jamming though the penod from Alarch to October would 
encompass the majority of occurrences, 

2 the climatic conditions under which the bndge might jam were by 
no means exceptional Indeed they could be desenbed as almost 
commonplace, 

3 high values of air temperature were comparatively unimportant. 
The empirical investigation 

This general macrocLmatic analysis formed the background against 
which the programme of nucrodimaTological measurement was 
mounted. In this programme, detailed studies were made of the 
tempierature distnbution throughout the bndge superstructure 
Measurements were made over a penod of some months, generally at 
umes when the climatic conditions approximated to those that resulted 
in jamming A standard meteorologii^ screen was mamtaincd on site 
and the enclosed thermometers and thermohygrograph provided air 
temperature and humidity values In addition, air temperatures and 
reUtwe humidities were Tnonuored wthin the box girders using 
thermohygrographs Surface temperature measurements were made 
using copper constantan thermocouples and surface contact resistance 
thermometers Towards the end of the site measurements a period of 
intensive observation coinaded most fortunately with a situaDon 
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judged bj the operators and site engineers to represent a ‘critical 
condition, in the sense that the bndge could just, but only just, be 
swung The temperatures measured at that time were of particular 
mtercst as they gave a clear picture of the temperature differences 
between the top and bottom flanges of the bridge The values cited m 
this paper represent conditions on this occasion (at c 1400 hours 
(G M T )) At this time no significant lateral temperature differences 
were detectable in the structure 

Topand bottom flange temperatures 

Although a simple structure in engineering terms, the surface and 
sub-surface vanations m temperature presented a complex pattern from 
which to sample Smee at no time were significant temperature 
differences noted between the North and South bridge sections, 
attention was concentrated on the North section and, in the light of site 
experience eleven sampling points were selected for surface temper 
ature consideration (Figure 9 3) though in the case of points E, G and 
I temperatures were obtained by esttmaiion rather than direct 
measurement The general pattern was typical of results obtained on 
other occasions when observations were made 
The temperature of the top flange upper surfaces exceeded air 
temperature by 14® — 16°C This is in accordance with the simple 
miCTOchmarologicaJ principle that dunng the period of incoming solar 
radiation particularly when wind speeds arc low, steep temperature 
gradients develop between the surface and the air above it The 
explanation of the 2 0®C temperature difference between A, B and C 
with B > A * C almost certainly lies m the darker colour of the toad 
deck, which increases its absorption of incident solar radiation 

The temperatures of the lower surfaces of the top flange will depend 
largely upon the balance between the supply of heat conducted down 
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from the surface and the rcmo\'al of heat by convection and radiation 
The variation in bndgc deck composmon together with vanatnans in 
observed surface temperature would result m different values for the 
conductive heat flows reaching the lower surface of the top flange It is 
however in the second term the removal of heat by comcCTion and 
radiation that the most probable explanation of the observed temper 
ature differences lies Points D H and J outside the box prders and 
exposed to the free atmosphere registered temperatures of 29 5 31 5 
and 29 S^C respecmcly T mside the box girder where ^ecirwlation 
IS limited had a correspondingly higher temperature of 34 6 C. There is 
only a very limited exchange of air between the free atmosphere and 
the interior of the box girders This occurs as a response to the diuma 
temperature cycle a point made by van Neste in the discussion of 
Langhoff and Granzen (1973) . . i . j 

Mso convectional movements within the box girder are very '{mitcd 

Recordings revealed that the dmmal air tempmture eye m he box 
immediailly below the top flange lower surface 
upper surface maximum temperature by only 3 hours the maximum 
oJSimngat 1500 hours Air temperatures recorded immcdutely aW 

the bottom mnie top surfaco m the box "f J*'"’ | '’JJ 
maximum temperature at this level being reached at 1900 houij 
^e eonvecfive heat transfer B usuall> expressed in the fnllouang 
form 

Heat lost at surface by convection Me, - 9,) 
where h is the heat transfer coefficient m W/m C 
0, IS surface temperature m C 
0, IS air temperature in C 

The value ascribed to h by Emerson 0973) for the «posed under 
inc vaiuc ow/m’ C and for the inside surface of a box 

^rfaccs of "C. The difference of more than a factor of 4 

wtion fl g . y no; surprising Directly comparable published 
between “ “L'J/mosT* the «x,rk m thu Held has been based 
mmdSid cooling processes and expenmental results based on small 
? . e l mt Examples are ated b; Geiger (1969) of variations 

of\eat transfer coefncient values for heat loss from plant leas es in still 

””mnis'$ 'aild'''ssne'Sin'OTogh gttdcis m the free atmosphere 
svhJe E was wath.n a trough girder and also wathm the tox girdrr ^ese 
noints could not be reached for direct meisutemcnt but m the hghi of 
Sw tempetarutes that were measured and bearing in mind the 'xT) 
Lnri, fd^uced valu« of the h«l transfer coefficient ihit could be 
r„ee, ?m^ch location, es.imated lemperaiuie, of 37 S 3S 5 and 
« rc wrre proposed for E G and I respectively It was unfonurute 
that these values had of necessity to be estimated as they arc 
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reprcsentatne of a significant area of the lower surface of the top 
flange 

The measured lower flange temperature at the ‘critical’ time was 
23 C It can be safely assumed that little temperature gradient will exist 
through the 9 5 mm sheet steel of this low'cr flange The temperature 
gradient in such a case is related to the thermal conducts it) of the 
material and the quantity of heat flowing m a steady state 
Q IS heat flow in W/m’ 

K the thermal conductivity \V/m' “C — for steel 50W/m* °C 
Xis plate thickness in metres — here 9 5 x 10"*m 
For a temperature difference of l"C to be maintamed between the 
opposite faces of the plate, the necessary heat flow Qwould be 

n - sr . Q ^ -50 

Q-K--. = 


There is no natural condition that I know of where such a saluc could 
be approached, even exposure of the steel plate to peak solar radiation 
values would gwe a receipt of less than 1000 W/m* 

The temperature distribution revealed m the section investigated on 
the crmcal dav showed a maximum temperature difference between 
the upper and lower wrfaces of 15*C Experience on other hot d 3 >-s 
snowed an absence of longitudinal temperature variations m the top 
tiange. There were, however, longitudinal variations of a measureabic 
magnitude m the lower flange and they showed a clear distribution 
pattens with the temperature increasing progressively from centre to 
nose On the critical' day. temperatures were IS^C at the bulkhead, 
^jacent to the main centre cross girder, inCTcasing to 24“C at the nose 
^ increase from centre to nose appeared to be the result of two 
fetors aaing together First, the increased opportunit) for heat 
ochange in the air between the top and bottom flanges bcausc of the 

"f tonduclnc exchange do»-n the shorter «cbs 
probably more important, 
!me oT '”5'"' Aermal mirtia by 

rZL , 1 , """ Temperature responsi 

d, bulkheads uere rery slow. aftCT a cool period of 

mS a^^oTor d' >bere would tend to mcrcait slowly 

cool SDelT'the ^ ttrong msolation succeeded 3 

area at fh,. f attain high temperatures while the central 

coif srilTo 'l.'* '™P<™tures more characteristic of the 
o7 18^r d «"'I»rra<ures ,n the central 

drr ’ ‘I'A temperature of 38"C. the maximum 
IrijV 7, "T" tn oecss of the design difference 

3 C It seemed that a top-to-bouom temperature difference of 
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20‘’C would be sufficient b> itself to cause jamming without the 
supenmposition of lateral vanations 

This earned with it the impheauon that the macroclimatic conditions 
necessary for jamming were unremarkable It seemed strange that 
jamming was shown as occurring so infrequcntlj in Table 9 1 A 
reappraisal of the macroclimatic records for the studj period in 
conjunction with the bridge log of shipping mosements provided the 
explanation for this anomalj On some dajs when jamming was 
predictable on macroclimatic grounds shipping movements calling for 
bridge operation had not occurred On still others the tide times which 
control shipping movements necessitated bridge operations at times of 
the day and night when the solar radiation necessary for the 

differentials was absent or too weak 

The report prepared on the PlimsoU Bridge included estimates of the 
maximum temperature difference that could be expected to ansc in 
the structure The estimate for the maximum surface temperature was 
based on a study of meteorological records of maximum temperatures 
for the past 41 years consideration of local site climate and the results 
of the cmpincil investigation on the site The suggested value for 
maximum upper surface teropenimre was 55 7 60 C the range 
refleciine variations in the nature of the upper surface The determin 
ation of the simultaneous lowest v^ue of temperature in the structure 
was more difficult, though its locauon at the central bulkhead area was 
certain In the light of experience at the site and paying due attention 
to the considerable thermal interior of the central zone a minimum 
value of 22*C w-as arrived at This gave a mwimum tOf«urfacc to 
bottom-surface temperature difference of 33-38 C 

Laiernl temperature differences 

Figure 9 4 shows how lateral temperature differences might occur in 
remonse to elevation and azimuth of the sun Figure 9 43 locates the 
Dlaccs (k-R) for which temperatures were measured the points lying 
In the same section line as Figure 9 3 At 1400 hours on 10th June 
1968 none of the webs was m receipt of solar radiation s«ncc the 
cantilevered footpaths shaded the outer faces of the box girders With 
the exception of Q and R all the tempmtures were 24 C Howwcr 
the outside face of the East box recorded values vary mg from 27 C at 
the base to 25“C at the top This variation was due to the retention of 
the greater solar radiation receipt at the bottom of the face earlier m 

\\nh steel plate box girder faces the response to changes in 
environmental conditions is very rapid An approximation to the rate of 
this response is obtained by considering the physical properties of the 
ctii^l nlifes Theplaic$haveaihid.nessof 9 5 mm a density ofc 8000 
rE7X”da5poc!nchc.ofc«OJ/I.g-C 

'^One square metre of this plate will have a thermal eapicifv of 




Figure 9 4 Sun and shade on the Plimsoll Bndge 


8000 X 460 X 9 5 X 10 ^ , I e 34 960 J/m^ ®C With a solar radiation 
receipt leading to an absorption of 400 W/m* the temperature of the 
plate would increase by 1"C in only 87 5 secs This is an approximaaon 
but gives a clear indication of the ordor of response time one is dealing 
with Differential exposure to solar radiabon between different parts of 
the structure leads very rapidly to wmperature differences between 
these parts. Although the intensity of the solar beam will be low for 
low solar elevations, it will neve^dess meet the vertical face at a 
comparatively high angle, so increasing its effectiveness After a clear 
night during which the hghtweight bridge deck will have reached a 
temperature well below air temperature, even such low angle solar 
receipt on a box girder face can result m large temperature differences 
The basal area of the face is favoured in terms of solar radiaoon receipt 
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because of the pavement overhang and temperature differences 
between the top and bottom of the face of 10®C were recorded On one 
occasion, when the deck recorded 39 5*0, the side of the box girder 
varied in temperature from 18°C at the top to 42^C at the bottom, a 
difference of 24'’C Bearing in mind the possible effects of easterly and 
westerly winds in either accentuating or reducing temperature differ- 
ences between the east and west faces, it is^clear that the maximum 
differential between the faces could exceed 25“C 

Consider now the top-to-bottom differentials of temperature that 
can occur, together with the lateral differentials, and the folloinng 
conclusions may be drawn The top-to-boltom differential is itself 
sufficient to jam the bridge, as on the critical day The occurrence of 
the substantial lateral temperature differences that have been shown to 
occur would exacerbate the situation Even if these lateral differences 
were judged not to be capable of causing jamming by thcmscK cs when 
no top-to-bottom temperature differential existed, they would reduce 
the magnitude of the latter differential necessary to cause jamming 
Such lateral variations of temperature, certainly very important m 
the case of this swing bridge, receive little or no ancntion in the 
standard works and information on thermal loading m bndge design It 
IS interesting to consider why this should be the case 


Solutton of the Plwtsoll Bndge problem 

Given the measured temperature differences on the Plimsoll Bndge and 
estimates of the maximum differentials that might be expected, 
modification, were made to the jacking syitcm The eapaaty ot ihe 
centre lacks was raised from 1435 kN to 3487 kN, while that of the end 
jacks was increased from 348 7 kN to 797 kN So far, this modincation 
has provided a working solution to the problem 


Previous work relating to lateral temperature vanationi 

Uck of commumeation probably otplams much of the neglect of 
lateral temperature vanations For example. Geiger ( 1969) quotes work 
on the daily regime of temperature differences under the bark of a 
Silka Spruce. M Figure 9 5 shows, at 1700 hours the difference 
between the North and South sides was 20 C Perhaps mote relevant, 
engineers in West Germany have for a long time recognised large 
temoenmire differences in lightwrighl steel bndges. partly because of 
the fluencies of the posi war situation in 1945 Many bndges had to 
be replaced, matenals were scarce and there was a rurplus of 
aeronautical desipnerr able to bnng sophisucatcd design concepts lo 
bear on the problem. As earl) as 1958. Kirschmer noted ihc need to 
allow for a surface temperature range of *60“C to - 20’C on 
lightweight bndges. Also in 1958. Radojkovvc reported an eepcnmental 
programme on a new told bndge across the River Sava ai Belgrade. 
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Hours 


Fi^tc 9 5 Daily temperatufC vafiatioft in the bark of the Sitka Spruce {^ourct 
Geiger 1960 after N llaarlov and B Petersen) 


some ot his results being shown m figure 9 6 Deutsche Normen 1072 
(1967a, 1967b) suggest that an overall temperature range of 
lO^C i 35*0 should be allowed for, discuss differentials between parts 
of the structure and refer explicitly to lateral temperarure variations 
And though Lee (1971) includes a transbtron of Dm 3072 , he omits to 
note that current German practice for determining the movements of 
bearings and expansion joints extends the range 10®C±35*C to 
10®C ± 45*C (Raster, 1968) 



Figure 9 6 Variation of temperature within the structure {Source RadoikO''>« 
19S8> 
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The temperature design allon-ances for the 2 Donaubrucke Linz 
arc detailed by Schimetta in Schimetta. Burgholzer and Gam (1973) In 
addition to allouance for a temperature difference between the upper 
and lower surfaces of 15°C m either direction we find direct reference 
to lateral temperature variation In the case of this box girder bridge, a 
temperature gradient of ± 15“C normal to the bridge axis is considered 
in design The magnitude of the design temperatures for the lateral 
difference is here the same as for that hclwcen top and bottom flanges, 
and IS the same in kind and order as that measured in the Plimsoll 
Bndge, 

Finally, work by Emerson (1972, 1973) in this countr} has dealt in 
some detail wth the temperature distribution in bndges Nevertheless, 
she does not deal with lateral temperature sinations, though consider 
ation of bending and lateral temperature differences is promised for the 
future 

When information is transferred, cither between disciplines or 
between engineers m different countries, it is essential that the relevant 
context IS fully understood In this context, note that the Avonmouth 
Bndge, opened in 1974 to carry the M5 across the Avon, is designed for 
maximum and minimum mean temperarures of ■♦36®Cand -35‘’C 
respectively (for a defmidon of mean bndge temperature, see Emerson, 
1973) This IS a boxgirder bndge with a composite deck, for which the 
normal specification in B S 1X6 Draft is a range of +40*0 to “20*C 
Departure from US 116 Draft was decided upon on the basis of the 
bridge's estuanne position The assumption that temperarure extremes 
will be reduced in comparison with inland locations is difficult to 
support Although maximum temperatures maj be reduced bj sea 
breeze effects, minimum temperatures are like!) to occur when winds 
axe from the North or East and therefore devoid of local oceanic 
influences. 

The possible significance of lateral temperature differences and 
expansion in bridge design 

Although the final version of B S 116 may remed> the situation, lateral 
differences and expansion have not received the attention the> merit 
There are documented occurrences of some problems in bridge 
erection, as when the last section of the boxgirder bndge over the River 
Vcvejse (Switzerland) had to be delated until sunset Lateral temper 
ature differences of io^C to 30*C due to a low-angle sun caused the 
unrestrained nose to deflect b> about one metre (Langhoff and 
Granzen, 1973) 

Emerson (1968) suggested a theoretical expansion allowance of 
0 75 mm per metre for a steel box girder bndge with a steel deck 
Expansion joints are provided to accommodate changes m length In 
some twin boxgirder bfidges the bo* girders slide across the support 
pillars on roller beanngs as the length changes, as in Figure 9 7a Roller 
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(e) HypothM col «*et on 

Figure 9 7 Lateral expansion of a bridge deck 


bearings so used are frequently designed to prevent lateral dispbcement 
by the incorporation of keys, as m Figure 9 7b The width of the deck, 
W, between the rollers can change by as much as 10 mm as a result of 
temperature clunges This value is based on expansion allowances for 
bridges where the temperatures of a top and bottom flange arc 
considered in the calculation Where, as in Figure 9 7c a section of 
bridge deck only u involved, with no bottom flange, values so 
calculated will probably be exceeded When the rollers prevent lateral 
movement, the deck must either be stressed m compression, or rotate 
To avoid these undesirable effects the keys could be removed from the 
rollers on one side of the bridge, though it remains to be seen how 
effect!! cly lateral movement would then be accommodated 


Factors influencing the dcve!oproetitQtlatet3itew.peTS.Oited!ffeceaces 
Two groups of factors influence the establishment of temperature 
differences between the walls of the boxes The first group deals with 
solar radiation receipt and mdudes the following 

1 Latitude 

2 Sunshine duration and intensity 
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3 Alignment of the bridge In the case of a sss mg bndge the position 
IS complicated because the alignment changes as the bridge is 
swung 

4 Topographic features (natural or man made) that will influence 
the pattern of sun and shade 

5 Geometry of structure parlicularlj the relationship of pa\cment 
overhang to box girder depth 

6 Any lateral dispant) in surface nature which will influence the 
absorption of incident solar radution (one side maj be darker 
because of a pollutant source upw md) 

7 Depth of wall The deeper the wall the less will heat flow to 
cooler parts of the structure affect the effective temperarure of 
the wall The solar radiation dispant> between the faces can cause 
large temperature differences between the face exposed to the sun 
and the other faces under clear skj conditions 

The second group of factors is made up of influences which acting 
on the shaded surfaces ensure that the differential is at a maximum 

1 Air movement such that a maximum cooling effect will occur at 
the shaded face and a minimum on the sunn^ face This cooling 
can remove the heat conducted from the deck down the webs 
which would tend to raise their temperature above air temper 
ature In the case of a box girder bridge with a wind perpendicular 
to the shaded face and m the horizontal plane other surfaces will 
be lee surfaces and mil be subjected to Jess cooling Schack 
(1965) quotes Reiher who observed that for a small plate the heat 
transfer coefficient due to convection increased sevenfold when 
the airflow was at right angles to the plarc instead of parallel to jl 
I n the case of large plates this effect wvll clearlv be reduced 
because of divergence along the plate face but it can be expected 
to operate 

2 The possibility of precipitation receipt cooling onl) part of the 

structure is important In the worst case just the deck and shaded 
face could be wetted This can commonly occur with summer 
showers of short duration Wmd-dnven ram falling at an angle 
ma> well leave pan of the structure compIctcl> drv Asaresultof 
such precipitation patterns one face can suffer direct cool ng b> 
contact with the ram and evaporation could reduce its temper 
ature to the wet bulb temperature This can occur while the 
stnniy •ft'srrW* 'iti Ttxtrpv ^xlntTuircftiOTi. ’rti *Ait -cc* tf» -uVtt/i 

or sleet storm it is possible to imagine with pan of the 
precipitation at 0*C the surface temperature falling below air 
temperature The amount of water retained bv the surface wuuld 
depend on its nature and roughness The significance of precipita 
tion in the development of within structure temperature 
differcntuls b considered VoIke<l973) in the static anal>sa 
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Steel pylon 




Figure 9 8 Hypotheneil tempennire distributions for a suspension bridge (After 
Vo\ke i973 > 

of the Nordbnicke Mannheim Ludwigshavcn Although he does 
not concern himself with bteral vanation he adopts a dynamic 
approach to the thermal considerations Figure 9 8 shows the 
differentials he suggests 

3 Lateral variations of te m per a ture can also occur across a bndgc 
deck by virtue of its camber and longitudmal inclination HowcH 
(1973) states that a difference of 3*C in hourly mean surface 
temperature at all tunes of day between surface temperatures 
measured at a point on the Wye Bridge and the Severn Bridge svas 
thought to be due to differences in camber and longitudinal 
inclination. Heat flow preferentially to one web as a result of such 
variation could increase side-to^idc diffcrcnuals, but clearly only 
by a very small amount 


The design criteria 

When design work on the Plimsoll Bndgc commenced in the early 
1960s, the relevant Briush sundard was B S 153 (1954) Part 3A. This 
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uicluded a section on temperature differences in bridge superstructures 
The standard suggested that allowance be made for forces resulting 
from superstructure temperature differences due to sun and shade of 
8 3^C (IS^F) Today it is clear that the B S 153 value is too low but 
when B S 153 came into being lightweight bridge decks and steel box 
girder bridges were not widely used It was only later that it became 
clear that BS 153 could not be applied, unmodified, for thermal 
loadings in the new bridge forms Among other conclusions, Emerson 
(1968) notes that ‘the ranges of bndge temperatures quoted in current 
British standards are madequate, in particular the minimum temper- 
atures are not sufficiently low* Her report su^jests more generous 
allowance for the maximum mean bridge temperatures and the 
minimum mean bridge temperatures Some Road Research Laboratory 
notes and leaflets of around this time suggested that m steel box section 
bridges large top-to-bottom temperature differences could occur Such 
suggestions were based on, for example the Beachlcy Viaduct, but the 
configuration of this bridge is very different from that of the Plimsoll 
Bridge and the direct extrapolation of results from one structure to the 
other would be very questionable Ortainly a viaduct bridge has 
nothing resembling the central area of the Plimsoll Bridge with its high 
thermal mertix The Plimsoll Bridge was \cr>' much a pioneering effort 
and as such had to do without the benefit of directly relevant previous 
experience The Memson report (DOE 1972) and BS 116/Draft 
(1972) contain, at the time of wTiting, the most recent suggestions for 
thermal loading in bridge design The Memson committee recommends 
in the section on thermal loading, a maximum temperature differentnl 
of 4 24‘’C in the case of a surfaced steel bnd^ The text states that for 
the temperature differentials suggested ‘they shall be assumed to be the 
difference m temperature between all components of the deck and the 
remainder of the structure' BS lld/Draft uses the same data and 
specifies the same conditions Even if this assessment had been available 
ten years earlier it would roc have resulted m allowance for the lateral 
temperature differentials that caused such problems on the Plimsoll 
Bridge 


Postscript Brunei’s foresight 

Although ‘modem’ bndge design literature mentions lateral variation 
little, if at all, we do find some interesting comment from a source 
scparateiffrom tftePl'imsoiY ffrit/gc 6> a farge time gap b\K i fnttN tpscrxi 
one Among Brunei $ earl> letters (Brunei, 1829) concerning the aifton 
Suspension Bridge he writes of remedying a design ’cmI* that he had 
experienced in the case of the Menai Bridge The problem he foresaw 
was that the suspension chains might be heated by direct sun on one 
side and simultaneous}} cooled bj wand on the other I/e postulated a 
temperature difference from this cause of 15*1 (cf B S 153) In this 
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event, he foresaw that cither the diains would twist or the shorter and 
colder links would bear an unequal portion of the load, the expanded 
(longer) links being relieved To obmte this problem he proposed the 
provision of sheet iron plates on each side of the chains to shield them 
and prevent the occurrence of a lateral temperature differential 

Porter Goff (1974) drew attention to this part of Brunei’s thinking 
and calculated that the differential stress so caused would have been 
less than 0 161 kM for the 1S“P temperature difference, suggesting that 
Brunei may on reflection have considered his proposed shields to be an 
unduly cautious provision. The significant thing is that Brunei foresaw 
the potential significance of this climatic environmental mfluence If, 
eventually, he decided that ii was insignificant it had at least been 
considered This is preferable to situaaons where climatic effects arc 
Ignored, even though the design proves in practice that it can 
accommodate such effects anyway 
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Chapter 10 


Models for the Estimation 
of Firnlines of Present and 
Pleistocene Glaciers 

Henry Osmaston 


'GUaen *rc very lenauve ciunaac indicaton, the indicator scale being 
given by the rumg of ihe snowline 

(FinsterwaJder 1952 p JIO) 


Glaaologuts hate long sought to define and determine a snowline that 
would p^it climatic comparisons between the same area at different 
ome and between different areas at the same time, particularly for 
p«iods or places where instnimental dimaoc records are lacking, bur 
although the conwpts both of a fluctuating temporary local snowline, 
and ot an annual (or longer) mean snowline, are easy to invoke, thej 
are less easy to use in practice In contrast, present or historical limits 
ot glaaets arc often known seiy precisely, while their Pleistocene limits 
« clearl> marked by moraines, etc. bur this evidence has often 
formed the baw of oversimplified and maccurate climanc intcrpreta 
oons Ninenhelcss, the purely physical equilibna which determine the 
m«t of glaaers and the level of the snowline are much simpler than 
the biologi^ equilibria which determine that other popular climatic 
indicator, v^tanon (and stiU more its fossil pollen rernaim), and 
thCTcforc offer the hope of less eqowocal conclusions. 

concepts have been invoked such as the 
^iirude at vijich the total annual snowfall on a fully exposed 
by the ablanon (Dryialsk^ and 
^lachaisdick. 1942), but such condiQons cannot be observed m nature 
^ estimated, certainly not b) 
y ging the results from the gbciers on all sides of a given 
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mounuin Apparently more practical definitions such as the lower limit 
of permanent snowpatches {Ratzel, lS8d) the level at which 50“o of the 
ground is permanently snow covered {Paschinger, 1912), ora'smoothed 
value for the lower lirmt of permanent snowpatches both on and off 
the glaciers {Flmt, 1957), are tiresome to observe as the) must be 
recorded every year just at the end of the varuble ablanon season, 
cannot be estimated for past glacuDons, and are so affected b> 
topography and aspect that comparisons between different areas ma) 
be mvalid The common term ‘climaoc snowline’ is misleading, if the 
user IS trymg to impfy something that is independent of the land 
surface, he is pursumg an illusion for all snowlines (and all climates’) 
arc the product of the mrcracoon between relief and rndiaaon, 
atmospheric circulation, etc 

Attenoon has therefore been concentrated on the fimlinc aaoss 
glaaers (Hugi, 1830) Firn‘ (German, meaning ‘of last >car ) is snow 
which persists from one year (or half year in the tropics) to the ne«r, 
and the firnline is the line that bounds the lower edge of all Firnbanks 
and the accumulation zones of glaciers. Fimbanks occup) sues 
favourably situated for collecting drifting snow, being usually sheltered 
from the sun and wind but too small for the development of glaciers in 
especially favourable sues on rugged, doudy mountains, the} may 
occur 4S0 m below (he usual lower limit of the fimline on glaaers 
(Manley, 1949), but where the mounuin slopes above the glaciers are 
steep and smooth, and the summer sunny, the lowest firnbanks ma) be 
Well above the fimline on the glaciers 

The very existence of a glacier implies a minimum extent and degree 
of exposure for its surface, so that firnlines across glaciers are less 
varuble than those at the foot of fimbanks, however, within anj group 
of glaaers some differences in fimline will usuaJlj occur, owing to 
vanations of aspect exposure, slope, etc. Because of this, Dry galski and 
Machatschek concluded that the average altitude of the firnlines of a 
group of gbciers is not a valid measure of the regional climate, but it is 
unreasonable to deny the validity of a mean value just because some of 
the observations do not exactly conform to ir Nor, if one is comparing 
the climates of the same area at different times is there any need to try 
to divorce the climate completely from the local topography wht^ 
mfluences it 

Provided that the glaaers arc grouped into fairly homogeneous 
regions, are numerous and are well enough distributed to provide a 
statistically acceptable sample for eadi region the mean of their 
firnlines will gwe a scnsimx and useful measure of the regional cJrrrute 
in the framework of the regional topography The sensitivity is 
indicated by the fact that a change in mean annual temperature of 1*C, 
which would need prolonged and careful recording to csublish directly , 
would change the altitude of the fimline by atout 150 m if all else 
remains constant. 
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lex any year (or ablation season) the actual fimime does not form a 
neat contour across the glacier but is represented by irregular patches of 
firn which spread and coalesce with increasing altitude Ahlmann 
(1948) suggests that one should take the lower limit of these patches, 
but the line where they occupy 50% of the surface is a better division 
between the accumulation and ablation zones This annual flmlmc may 
be averaged both in place and tune the mean altitude of the irregular 
line across the glacier may be calculated, diis in turn may be averaged 
over a period of years, or over a regional group of glaciers, or over both 
Alternatively, the position of an actual sloping or irregular firnlme 
across a single glacier or group of glaciers may be averaged over a 
period It is important to make it clear what type of firnlme is bemg 
discussed, m this paper, unless otherwise stated, the word refers to the 
mean altitude of the firnlme across one or more glaacrs, durmg a 
period of several years 

The annual fimlines of previous years can sometimes be located by 
digging pits in the surface of the glacier and observing the strata, 
remembering that earlier ones have been displaced downstream by the 
flow of the glacier However, if a subsequent ablation season w« more 
severe than an earber one, the tbm lower edge of the latter’s fim will 
have been removed, so that the ongmal fixnline can only be estunated 

Surface observations and the digging of pits are the only direct 
methods of finding the fimline, but many indirect methods have been 
proposed, some of which can be used for glaciers that no lot^er exist 


Indirect methods previous work 

The indirect methods of funime estimation form four distinct groups as 
listed below 

1 Indirect meteorological 

(a) Precipitation and tcraperaturc comparisons (Ahlmann, 1924, 
1948. Manley, 1949) 

(b) Days of snow cover comparisons (Manley, 1949) 

2 Morphological 

(a) Glacier cross section profile (Hess, 1904) 

(b) Upper end of moraines (Reid, 1907, Lichtencckcr, 1937, 
Penck and Bruckner, 1909) 

3 Top or bottom 

(a) Top method, Glaoenzation^ limit (Partsch, 1882, Enquist, 
1916, Ahlmann, 1948) 

(b) Grques (Seddon 1957, Flint, 1957, Linton, 1959, Peterson 
and Robinson, 1969, Robinson et 1971) 

(c) Fimbanks (Manley, 1949) 



Ftmlin« of Pirsrot uid Pleistocene Glaaen 22 1 

4 Proporhorul 

(a) Mid height (Hofer, 1879. Sutcr, 1940. Hastenrath, 1967) 

(b) Proportion of area (Bruckner, 1886 Penck and Bruckner, 
1909) 

(c) Mean height of surface (Kurowski, 1891) 

Id} Aiea, ahhxion axxi massbajance' (FinstcmaJdcr, 19S2, Lhbou 
try, 1955, Mercer, 1961, Meier and Post, 1962, (jstrem and 
Liestol, 1964) 

Indirect meteorological methods 

Ahlmann has published a relaoonship between prccipitaoon and mean 
summer temperanire forglacienaed^areasinScandmamattheaJtinide 
of the local glaaeri^ation limit (see belou) This can then be used in 
re%erse to deduce the glacicrization hmit in other areas of similar 
climate Manley h^s used it thus to estimate past and present 
(hj'podietical) glaaerization limits in Brioin The results must be 
accepted with caution, hmsa'cr, as the simdant^ of the climate of 
different areas is always uncertain, and furthermore manj of the figures 
were estimated by extrapolation from the meteorological records of 
lowland stations 

Manley also made estimates of the glacierizaDon limit in BriUin from 
records of the number of da}$ on uhidi snow lies on the ground, but 
this method is of limited application and can only gn-e rough results. 

Morphological methods 

Hess observxd that m the ablaOon zone of a glaaer the surface 
cross profile is convex, owing to the melting of the sides b> long-wave 
radiation from the adjomtng ground, whereas in the accumulation zone, 
where snowdnfts form at Ac sides of Ae glacier, Ac profile is conca\T 
The change ftom one profile to Ac oAcr is, howev cr, dependent on Ae 
topography as well as on Ac fimlme, so Aat Ae mcAod can gi\c only 
a rough indication of Ae latter The icAnique would be difficult to 
apply to glaaers flowing from an icecap and ts of no use for past 
glacu lions 

Except when large rockfalU ha\e occurred, surface moraines can 
onl> be exposed, and lateral moraines be formed, in the ablation zone, 
so Aat Acy gi« a \iJue for Ac minimum altitude of Ae firnline 
However, if Ae surface moraine was originally formed h^h up the 
glacier, the overburden of snow whiA has accumubted on it will not be 
melted till some time after it has passed below Ae firnline similarly . if 
Ae valley sides are steep, lateral moraines nay only be formed some 
way below Ac fimlme There is Aerefort an unpredictable difference 
between Ae highest limit of moraines and Ae actual fimlme, but Ae 
occurrence of moraines docs provide a useful check on values calculated 
by oAer mcAods, and is useful wiA Ae btcral moraines of former 
gbeuttons 
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Top or bottom methods 

The earliest of these methods was the ‘top* method used by Simony 
and Partsch to determme the glaaenzation limit. This is the alutude 
which dindes the peaks bearing glaciers from those which do not, and is 
usually about 100 m above the Hmlme. The method has been further 
developed by Enquist and Ahlmann to plot isoglaahypses, lines that 
represent the contours of a theoretical surface, all pcaJes that project 
above this surface cany glaciers To be successful, thetc should be 
plenty of peaks just ^ove and just below the glacicrizaaon limit 
throu^out the area, the technique has proved very useful m areas such 
as Switzerland and Norway, but is inapplicable on isolated mountains 
On small independent cirque glaciers, so small that the ice hardly’ 
flows, the fimlme lies only just above the foot of the glaacr, which is 
the hp of the arque Where such glaaers, or their cirques, are 
common Aey may oe used to give a very reliable estimate of the 
present or former fimlinc, thou^ in some areas, such as the East 
Afncan mountains, they arc curiously scarce Unfortunately, the 
method has often been misused by the inclusion of cirques at the heads 
of former valley glaciers, the altitudes of which are determined more by 
topography and rocks than by the fimlme. Sometimes loo, uncertainty 
arises because the cirques have been occupied and excavated during 
more than one glaciation 

Small ftmb^s in protected sues are limiting cases of the same 
phenomenon, if they wete larger and higher they would develop into 
cirques Manley used small fimbanks in areas too low for the existence 
of actual glaciers, to estimate the theoreucal glacienzation limit, but it 
is difficult to be sure just how much below it they may he. 

Proporfionj/ 

This group of methods all start from the evident proposinon that the 
fimlme must he somewhere between the upper and lower ends of a 
steady-state’ glacier The simplest approximanon is that used by Hofer, 
who took the mean of the altitudes of the top and bottom However, 
on piedmont glaciers the greater part lies in Ae spreading foot, and a 
fimlme placed half way between top and bottom would imply an 
impossibly large ablation zone Wdi plateau glaciers, the situation is 
reversed 

An improvement to the method, takii^ area into account, is usually 
attributed to Bruckner, but there seems to be some misapprehension 
about this Bruckner individually, and with Penck, studied the moraines 
and other relics of the Pleistocene glaciations m the Alps and obscrv ed 
the alotude which marked the roorphologica] division of each glaacr 
into collecting basin and tongue, diis diey erroneously equated with die 
fimlme, ignoring the fact diat local topography is of great importance 
m determining the shape of a ^aciec They then went on to show that 
this Ime divided the surface area of the glaciers m the raoo of about 
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2-3 parts above to 1 part below, sometimes the ratio was as 

little as I 5 1 They themsehes do not seem to have used this method 
very much for deducing fimimes, except sometimes as a check on other 
methods, but it became popularly known as Bruckners method of 
deducing the fimline’ and as such was subjected both to misuse and to 
misinformed criticism, althou^ Drygalski and Machatschek pointed 
out Its morphological basis in their admirable treatise on the snowline 
(1942) The impressive arraj of dnergent figures which Chariesworth 
(1957) quotes to show the unreliability of this method and ratio do not 
all bear investigation For example, he quotes Visscr (1928) as sajing 
that the glaciers of the upper Indus show a rano of 5 1 , in the original 
paper this is gi\en as 0 5 1 and appears to have been based merely on an 
observation of the transient snowime* at a single visit in 1926 Again, 
he quotes Reid (1907) for an opposite extreme ratio of 1 3 on 
Mt Hood and Mt Adams in North Amenca. but the origind paper 
shows that this was based on the assumpnon that the firnlinc lav half 
way between the altitude of the bergsehrund and that at which 
moraines first appeared, from the accompanying map it can U 
calculated that if the fimline lay at the upper limit of the morames, the 
ratio would instead be 1 1. a much more reasonable figure This is a 
food example of what has been common practice in the literature on 
firnlines to obtain one estimate by an indire« method and based on an 
unverified assumpnon. and then to use it to mticise other <««m«es 

Meier and Post (1962) used detailed observations on the South 
Cascade Glacier to show that in a ’I* 

accumulation area ratio (AjVR) of 0 58 I (A A whole), le a 
Bruckner ratio of 1 4 1 However, an aerial mrv^ of ihc actud 
fim edges* of several hundred glaciers along the Pacific coast of North 
AmcritJ near the end of the ablation season in 1961 indicated annual 
AAR’S from 0 (W to 0 68. so in that > ear ablation must have 

exceeded accumulanon on many of them , , 

Hitherto the discussion has been in terms of the finilinc. because on 
temperate glaciers this coincides wnih the equflibnum line* . "here 
mass balance is zero On cold glaaers. however, where snow is melted 
from the surface but refrozen lower on or in the glacier, the firnlmc will 
be at a slightly higher altitude Some of the methods just des^hed, c g 
the hiehc« appearance of moraines, are relevant to the firn me. whDc 
others! eg proporoonil methods, are relcv-ant to either line, using 
appropriaie mopottions Those to U descri^ now, however, really 
ebnee^ the equd.brmm line, since the}* are on considmoons of 
mass balance but on non-Polar mountain glaciers the difference is 
usually small, and for convenience the lenn Tirnline’ will continue to 

^Thc^major improvement m the proporuonal type of approach was 
introduced bv Kurowski who saw that, rather than considenr^ either 
hci^t ^ra alone. thc> should be combined to give a w eightcd mean 
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altitude for the whole surface of the glacier, which he equated with the 
firnlme In support of this he gave figures to diow that both 
precipitation and ablation rates were linearly related to altitude, that 
their difference was therefore also linearly related to altitude, and that 
diereforc the total net accumutaaon above the firnlme calculated by his 
method would be exactly balanced by the total net ablation below it. 
Kutowski’s method is mcieiy a particular case of the general rule that 
the total mass balance* on a steady-state glacier must be zero 
Let T be the altitude of the upper end (top) of the glacier , 

B be the altitude of the lower end (bottom) of the glacier, 

F be the altitude of the firnlme, 

a be the mean altitude of successive contour strips of the glaaer, 
s, be the areas of successive contour strips of the glacier, 
n^ be the net balance rates on successive contour strips of the 
glacier (negative below the firnlme), 
p be a constant, 
tfien 

T 

(n,s,) « 0 Mass balance equation 

but n, « p(a — F) Kurowskt’s assumption 

substituting 

T 

(pas, ~pFs,) = 0 

therefore 

r (as,)= (Fs.) 

%“B »“B 

therefore 

Kurowski’s formula (D 


Direct observations of mass balance on various glaciers have been 
published (eg Ahlmann, 1948, Renaud, 1952, Meier and Post, 1962, 
Ostrem and Liestdl, 1964. Nyc 1965a) For individual years, on 
individual glaaers, the curves of mass balance against altitude often 
mow irr^luities which may be recurrent features due to local relief, 
but usually the smoothed mean fonn over several years is either roughly 
rectilinear, or curved due to large increases in ablation below the 
firnline and sometimes also to reduced preapitaiion at high alotudes 
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The application of these curves to other glaciers or to the same glacier 
at different extents is complicated by the fact that they must be related 
not to altitudes above sea level but to the as yet unknowm fimline Only 
when the function is linear can a very simple soluoon like that of 
Kurowski be used, though Fmstcnvaldcr (1952) has given a manual 
method for use with parabolic functions A more usual method, 
especially for irregular curves plotted from direct observations rather 
than theoretical functions, u to juggle with curves of total mass balance 
and try to balance the positive and negative areas beneath them 
{Ostrem and Liestdl, 1964), or to do the same with the curves of gross 
precipitation and ablation (Uiboutry, 1955), though these are less 
often known 

Renaud (1952) made observations on the Gomcr glacier (Switzer 
land) which showed that the mass balance was nearly linearly related to 
altitude Mercer (1961) applied a senes of ftetors, derived from these 
observations with slight modifications, to the area/height distributions 
of North American glaaers on which he had observed the temporary 
firnhne on air photos taken near the end of the ablabon season, making 
m some cases an esamated addition to allow for furdier ablation 
However, he found that on apparently sable glaciers he had to multiply 
the toul ablaoon so obained by a factor of about 6 to make it balance 
the total accumulation, which suggests that his esnmates of the altitude 
of their fimlines were still too low, or that their net budgets that year 
were exceptionally positive. Meier and Post (1962) give mass balance 
altitude graphs tor ten North Amencan glaciers, four graphs are 
straight, two are gendy curved, and four are more complex shapes, but, 
except for the straightcst one which is the mean for three years of 
observations, the remainder all refer to only a single year 

Two problems arise with all the area methods The first is that the 
calculaoons should be based on the glacier surface but. in the case of 
glaciers which hai-e charged mudi in thickness or even completely 
melted, the difficulties and errors involved in trying to estimate the ice 
surface at some previous time may be much greater than those arising 
from using the present lec or ground surface and applying a corrcaion 
to the fimline by adding the enimated former additional thickness of 
ice at that alutude This is certainly so for valley glaaers whoe the 
thickness is small in reUnon to the altitude range, but not for a thick 
ice sheet 

The second problem is whether to afcc the area of the actual upper 
part of the glaaer, or the area of die whole of its collecting basin, 
including bare slopes, the fanner ts preferable (and u essential when 
actual accumuliDon dau are to be applied) but for past glaoers it may 
be difficult 

A further apparent rcstncoon is the assumption of all the he^t and 
area methods that the glaaer is m a steady sate and thus m equilibrium 
with the current climate. There is an inevitable lag m the response of a 
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glacier, m thickness and extent, to a change of climate which has 
resulted m a change of mass balance Nye (1965a) has shown that this 
lag depends on such factors as the length and velocity of the glacier, 
and may amount to 1 80“ of phase for osallations with periods of up to 
100 years, observaaons have shown that even neighbourmg glaciers may 
be in opposing states of retreat or advance (or exccptiondly surge) due 
to differences m their mternal dynamics The assumption, apparently 
unphcit later, that sets of correlated terminal morames were formed 
simultaneously by a group of steady state glaaers in equilibnum with 
some parucular dimate, may be too simple, but morame data do have 
the advantage over an instantaneous glacier survey that they record the 
maximum response of every glacier to a particular climatic osciUaQon 
irrespective of varutiotis in lag Perfect equilibrium is therefore a 
theoretical ideal, individual variability must be met by takmg groups of 
glaciers together, while the response lag can be looked for in the results 
and remembeted m their interpretation 

Compamons of proportional methods some simple models 
Despite the frequent criticisms that have been made of the simpler 
proportional methods of fimline estunaoon, no detailed assessment has 
been made of their accuracy and relaove merits, using firnline data 
obtain^ by direct observations This is clearly a matter of considerable 
importance for both remote areas and past glaciations, uhen knowledge 
of mass balance rates is lacking and more elaborate and precise methods 
therefore cannot be used. 

The observations mentioned above show that most curves relating 
mass balance to attitude tie between two limiting cases the simple 
linear one, and a curve which, as a simplification, can be represented by 
two stra^ht segments, that below the fimline having twice the gradient 
of that above For instance the Blue Glacier, Washmgton (LaChapcIIe 
1965) falls nicely within these limits with a ratio of 1 1 3, while the 
South Cascade Glacier, Washington (Meier & Tangboume, 1965) hes 
just outside with a ratio of about 12 1 The fimlme of a glacier can 
therefore be estimated from these two cases with a hi^ probability 
that It lies between them, and thus they may be used as criteria for 
assessing other simpler approximations The actual value of the gradient 
(the 'energy of glacierization’ of Schumskiy (1946) and ‘activity index' 
of Meier (1962)) is irrelevant, since this affects primarily the discharge 
and thickness at the firnline and only very slightly the extent of the 
glacier 

TigurelOl represents six model glaciers seen in plan view with 
diapcs chosen to cover all the mam types Model A is a parallel sided 
valley glacier, the simplest ^ape to deal with, while B is typical of 
many actual valley glaaers C and D arc respectively piedmont and 
pbteau glaciers of moderate dtyree, while E and T arc more extreme 
cases A conical icecap would be equivalent to a large number of type C 
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glaciers, and the fimlme would lie ai the same IcitI Each glacier 
stretches over 100 units altitude range, and on it are marked the 
altitudes of the fimlines calculated by different methods 

(i) the mid height method, Hofer’s, which places the fimlme at 50 
in all cases, is indicated by ii, 

(ii) the proportional area method, Brudtncr’s, used with three 

different ratios DJ (1 I), B2 (2 J). (5 1). 

(ui) the mean area method, Kurowski’s, which gives the correct 
fimlme if mass balince/ahiiude is linear, and therefore provides 
one of the limiting criteru Kl, 

(iv) the other limitmg case, K2, given by subsiituUng K » 2 in the 
formula 

(s,<a - I )1 - K . Kfr - a)J - 0 


(2) 
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Equation (2) has been solved by succcssnc approximations, using 
repeatedly adjusted estimates of the flrnline 

The estimates obtamed by different methods and the differences 
between them can therefore be expressed as percentages of the length 
of the glacier for each given shape With shape A, the K1 and K2 values 
will always he at 50% and 58 6% of the height range of the glacier 
measured from the top, and the difference between them will always be 
8 6% of the height range Widi other shapes the difference varies from 
5 9% to 9 6% 

On valley glaacrs the H and K1 estimates arc identical, therefore if 
area data are lacking or uncertain, through madequacy cither of maps 
or of the traces of a former glactaaon, the mid height method can give 
quite good estimates on glaacrs of this type On plateau glaacrs the 
results are too low, and on piedmont glaciers they are too high 

On valley glaciers the B1 and K1 estimates arc identical, and on 
others the B1 estimate lies either between or very close to the K1 and 
K2 values, the B2 and B3 estimates however mostly he well below 
these It IS dierefore unlikely that the tradiuonal area ratio of 3 1 can 
give any useful estimate of the fimlinc. and even that of 2 1 will be 
much too low in most cases It seems that usually the firnline will 
divide the glaaer surface in a proportion bemeen 1 1 and 1 5 I (up to 
2 1 on plateau glaciers) 

A change of firnlme is usually more important than the actual values 
of the firnlme, and can fortunately be estimated with greater assurance. 
The various methods will not hoivever yield identical results, because 
with mcreasing shrmkage of the glacier all values axe tending to the 
^e point near the head of the glaaer where its last remnants will he 
Therefore, those methods that give the lowest estimates of the firnlme 
will indicate the greatest chaises As Callcndar (1950) has pointed out. 
Hofers and Bruckner’s methods can be used to infer firnlme changes 
when only the lower pan of a glaaer is surveyed, a retreat of unit 
altitude or area represents a rise in the firnline of about half this 
amount Pal gov (1962) found thefollowmg linear relation (correlanon 
coeffiaent 0 96) on the Ccntralny Tuzuksu Glacier 

P = 29 4F - 106945, i e P = 29 4AF where AF = F — 3637 


where P is the annual loss from the snout m m* , and F is the altitude 
of the annual firnlme in m, but it should be noted that this describes a 
rate of retreat for a given rise of firnlme, not the toul retreat to a new 
steady-sute position Moreover it should be noted that Nve (1965b) 
found a very poOT correlation between the annual vanaoons in length 
,ht of two glaciers, and. though he suggested 

that Oicrc w« more consutcncy over periods of a decade, his method 
of mfcnmg the mass balance history from the terminus record is not 
relevant to the scanty dau of past glaciaoons 

A method such as HSfer's, wbidi takes no account of the shape of the 
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glacier, will give misleading results if the shape changes much at 
maximum retreat a glaacr may be little more than an ice plateau, in 
mid-cxpansion more of a valley glacier and at full extent it maj be a 
piedmont glacier Bruckner s method, which akes some account of the 
area of the glacier, will be better, but still not as good as those methods 
which use the precise altitudinal distribution of the ice Thus the 
Kurowski (Kl) and (K2) estimates always provide the probable limits 
for the firnlme if the form of the mass balance curve has remained the 
same, which observation suggests to be usualK the case for modmte 
fluctuation (Meier, 1962), le where Kl and Kl , K2 and K2 are 
estimates of real firnlincs F and F 

(Kl - Kl'X (F - F') «K2 - K2') 

Htnct, on a valloy glaciac which has rnmted by 20% of height 
range, the ftniinc has probably rwen by 1 (^ 12 % of thconpnal heght 

tanie of the glacier, an uncertainty of only 20 m m a rise of ! 00 m on a 

1000 m glacfer, svhich ts liUly to be less than errors m some of the 

*'7f' wrirTcoJreraed with a larger retreat, say by 8^, doc to a major 
change m climate, as betsveen a glacial maaimum and the present da, 
sve cannot, tiiirioat /artier rca/eiicc. rely on any constancy of the mass 
balance curve, and the limits are given b, 

(Kl - K2’) < <F - r') < (K2 - Kl') 
representing an uncaumt, of about ICO m m a 400-500 m rue 


The application of statistical methods to groups of glacrcrs 
To be reliable, dimatic inferences must clrail, be bawd on the mean 
and standawl error of the estunated fimlmc changes of severd glaciers, 
but we can use simple staosnes saiher more subll, than tha in the 
acnial detemunalion of the best esnmatc of their firnlmes If we can 
group the glaciers into climancally homogeneous regions, then we can 
postulate tLl, withm the regions, devianons of the indiwdual fimlines 
(or out estimates of them) are due to irrelevant and perhaps random 
varianons m local relief and aspea. and that the best mtimate of the 
regional firnlme is one which mmimises these devuDong-^ this md we 
adopt more nexibk approaches than those described abose and 
inslead ^ using rather arbitrary conitants m our equation, we can 
select those which fit the dais best. Thus from llhfct s approach w can 
desclop a General Height method, from liiueknet a a General Area 
method and, from my own modificaoon of the mass balance, a General 

Area lleieht-aMass balance method 

TSw three techniques are described below, with bncf examples of 
iheu apphanon to Kilimanjaro (19 540 ft « 599dm) and the 
Ruwenaot. Range (16 763 ft. or 5109 m)' both of these earr, im.ll 
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^aacrs now, and, in common with other high mountains in East Africa, 
haw cxtensne traces of former glaciation Besides erostonal features, 
there arc moraines, some very large and extending down to 2000 m, 
which are very dearly identifiable on air photographs These features 
can be diffcTcntiatcd by appearances, dtitude and straDgraphy and 
grouped into series which show excellent correlations both beuveen 
valleys on each mountam and between mountams. Apart from the 
traces of earlier glaciation there arc particularly complete tcrmmal 
moraines dating from a glaaal maximum 15-20,000 >cars BP 
(designated the Mahoma stage on the Ruwenzori and the Main 
Glaaation stage on Kilimanjaro), there are also small, probablj 
mneteenth-century, terminal moraines not far below the present glacier 
lenruni (designated the Recent stage on Kilimanjaro) (Livingstone, 
1962, Osmaston, 1965, 1967, 1972. Downie. 1964) Data for these two 
distmct stara provide good material for testing methods of fimlme 
estimation ^ 


The general height method 

As Aowm ^ove, Hfifer’s mid-height method can give accurate results 
on v^cy flaciers. u has the advantage of simplicity and of bemg usable 
m me absence of area data Often, however, a better estimate of the 
fimlme might be given by taking some other fraction or ‘HSfer 
coeffiamt of the height range A more generalized form of this 
meAod has therefore been developed, which allows the coefficient (H) 
to oe determined b> the data themselves, rather than being chosen 
arbitrarily la advance, the reUoonship bcu^ 

F-B+H(T-B) (3) 

where usually 0 6 > H > 0 4 


If a graph is preparrd for plotting tht altitude of the top of each 
glaaet against the altitude of tfie bonom end, it can be dmded into 
^etent sectors as shot™ in Figure 10 2 The diagonal line through the 
t^n covers all points nfieie the alnttides of thTTop and bottom of the 
'r' size that ate hardly 

muS “'“‘t at tilt fitnline, the) 

Sn?A^ raneenttated at a smgle point F at the alntude of the 
If^oii’liof’t'V”®? ' "'“tt abos-e the diagonaL 

renrti^Sd'^h “ *“■" ™Tically upivatds, all ^aciets 

awS* <■“ ^ hasn theit bottoms 

the lower e d V ihctcfotc only comprise hangmg glaacrs, 

?ete^med ^ a»<i Se dtttefore 

holS^ ttpngtaphy and not climate If ftom point F a bne () ) is 
TO ^ ‘yfS this tot (in 

oSct finttoe. Therefore they comprise 

eithet glaaets teconsmuted from the Eillen debris of a haijng ghciet 
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Figure 10 2 Sasieiencral height graph. 


above them, or. during a period of rising fimlines, they may be relics, 
just gradually melting aw, ay The remammg sectors C and D therefore 
comprise all normal glaciers in approximate steady sutes. Those that he 
exactly along the line (a) are those on which the rirnlme lies exactly at 
their mid heights Those m sector C have their nrnlmcs below their 
mid heights and are therefore either of piedmont type or havx a 
non linear net accumulation graph, those in sector D arc of plateau 
type 

If glaaers of different sires from a homogeneous region are plotted on 
such a graph, they should ideally he along a line, eg (m). that 
intersects the diagonal and thus indicates the fimlme, the slope of the 
line bang the H^er coefficient Such a line need not be straight a curve 
that IS concave upwards (n), suggests that the longer glaaers arc tending 
towards the piedmont type, or that ablauon is particularly sevac on 

the lower glaaer snouts . . . 

Figure 10 3 shows the practical application of this mahod to the 75 
glaciers of the Mahoma stage in the Ruwenron mountains as inferred 
from their moraines The glaaers have been divided into three large 
regional groups consisting of (A) the eastern and central, (B) the 
southwestern and northern, and (O the western parts of the range, and 
It IS clear that the glaaas of each r^on occupv mutually exclusive 
parts of the graph ^\lthln each region, individual glaciers indicate 
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Figure 10 3 Pmbnet of the Mihotru stage gbciers Ruwenzon by the graphical 
height method 

firnhncs over a range of about 500 m altitude, but the mean fsrtiline 
indicated by the best hand fitted line can be determined with an 
uncertainty of only about 30 m compared with differences of 200— 
500 m between the mean values for Ac three rmons The slope of each 
best fit hne is different, only one beii^ at 45® to Ae axes, indicating 
regional differences of glacier type or mass balance curve Conse- 
quently, in two of the regions the use of Ac original Hofer method 
would have resulted in a loss of accuracy 

The oAer advantages of Ais General Height meAod are first Aat Ac 
statistics of caA glaaer are dearly displayed m relation to Ae oAers, 
so Aat any discordance can easily be seen This may lead to a revision 
of ideas on Ae correlation of different morames, to a re-arrangement of 
Ac glaaets into more homogeneous gtcnips, or to Ae detection of some 
interesting cause The secemd advantage is Aat m locating Ae fimlme 
extra weight can be given to Ae small glaaers which he near Ae 
diagonal, and whiA, because Aey arc small, are more prease indicators 
of Ae firnlmc Aan are big ^ciers Thus Ae meAod shares Ac 
advantage of Ae arque meAod in making use of Aese small glaaers, 
but mcorporates mformaaon ft-mn Ae larger glaciers too The Aird 



Fimlmcs of Present »k) Pleistocene GUcters 


233 


advantage is that where data ate scinty they may be supplemented by 
plotting fimbanks on the same graph, and the altitudes of the upper 
ends of the lateral moraines atay also be marked on the diagonal All 
these features can then be used together to estimate the fimime 

After using the graphical approadi to do the prelimmary cxamina 
tion and sottmg, it may be more convenient when data arc numerous, 
to do the final calculanon of the firnlinc numcricalK rather than 
graphically Equation (3) was fitted to the data for each of the three 
regions (a convenient factor to weight the smaller glaaers more heavily 
being the mtegral part of (T — B)“® *) The results indicate values for 
die coeffiaent H of (A)05S, {B)046 and (C)050 with standard 
deviations from the regression of only 1 2% to 3 2%, and the values 
given for the fimline are II 690 ft (3570 m) 12 420 ft (3790 m) and 
13 280 ft (4050 m) 


The general area method 

Takmg Bruckner s ideas as the starting point the percentage arcayheight 
distributions of several neighbouring glaciers of various sacs can be 
plotted on the same graph they wll have a pattern like that in 
Figure 10 4, with the lines close icgeiber near the middle of the 
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diagram If all the glaciers were of exactly the same type, with similar 
climate and topography, their fimlmes would all be identical and would 
divide the area of each m the same proportions, say 60% from the top, 
therefore when plotted like this all the curves would intersect at the 
point where the alutude of their common firnline crosses the 60% line 
In practice, small differences are inevitable, but the region where the 
lines he closest together will be a good indication of the fimline Thus 
Figure 10 4 suggests that, in the Rwimi Valley group of glaciers during 
the Mahoma Glaciation, the fimlinc lay at about II 600 ft (3540 m) at 
55% of the area, and this agrees with estimates made by other methods 

The general area—betgbt—mass balance method 

Kurowski’s particular case of this method can be improved by a more 
generalized statistical approach, testmg other likely simple functions of 
mass balance against altitude, to sec which fits the data best When 
dealing with past glaaations, the accuracy of the data will seldom 
justify fine distmctions it is difficult to be certain of the exact extent 
of the upper parts of the gbcier, few of the world’s mountams are 
mapped with contours more precise than 30 m intervals, the ground 
surface may have been modified by subsequent erosion, the correction 
for the thickness of the ice is prt^ably only estimated to the nearest 
30 m, and it is not usually a case of studymg small changes on a single 
glaaer, for which accuracy is important, but of larger changes in 
mean firnline of several glaciers, aU of which differ slightly m dieir mass 
balance functions 

The simplest range of mass balance functions to test is that given by 
substitutmg different values of K in equation (2) as was done with the 
model glaciers and selecting that which results in the smallest standard 
enot of the mean The calculations, thou^ simple, are very tedious for 
a large trambet of glaciers, and are best done by computer using an 
Iterative programme as follows 

1 Supply aea and alutude data for the contour strips of each 
glaaer, and value of K. 

2 For the first glacier, sum the products of areas and altitudes and 
divide by the total area to give the mean altitude (Kutowski’s 
flmline, the initial assumption) 

3 For each strip calculate the arithmetic difference between its 
altitude and that of the assumed fimhne, and multiply this by its 
arca„ 

4 For each strip below the assumed fimhne, multiply this product 
by mmus K. 

5 Sum all die produas, above and below the firnline 

6 If the sum is negative, move the assumed firnline down by one 
height interval, or vice versa, recalculate 

7 When the sum changes sign, die present and last estimated values 
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of the fimlme must straddle its true value, which an then be 
found by interpolation, orb) the use of finer height intervals 
8 Repeat for the other glaciers 

Then (a) plot the firnhne altitudes on a map and delineate 
homogeneous regions and (b)alculate man and standard error for 
each region Repat for another value of K 


TABLE 10 1 

Mtan Tfgtanal firtltnes Lake Mabonu stag^, Riescmon bytbe 
area— height— accumuhtioti tnetboJ (altitudestn feet ±tmee tundarJ error) 


Region 

(\o ofgheten) 

A 1 

K 2 

Rounded 

esiimjte 

Ice 

Final 

estinjte 

A. East (39) 

11710* 80 

11 5301 80 

11 600 

200 

11 800 
(3610m) 

( Scuth-westl 
B.jCemnl |(25) 

1 North ] 

12 6001 130 

12 3801 ISO 

12600 

200 

12 800 
(3980m> 

C West (9) 

13 4001 150 

13 1301 170 

13 300 

200 

13 500 
(4120m) 

D Far West (2) 
(Mugule) 

12 2401 540 

12 0301500 

12 100 

200 

12 300 
(3750 m) 


Sate The frouping of Figure 10 3 ha been modified b> the transfer of the four 
ceninl glaciers from A to D, and b> separating the far v»rstem group D 
from C. 


The results yielded by this method for the Ijkc Mahoma stage arc 

E ven m Table 10 1 The standard errors show that the differences 
itwecn the firnlincs of adjoining regions are very signifiant, but that 
there is not much to choose bemeen the fit of the K1 and K2 
estimates. Since the General Height method had alrnd> indiated 
firnlincs between these two estimates, no further values of K were 
tested, the K1 aluc beirg accepted for regions B and C where its 
standard error was slightly the lesser, and the man of the KI and K2 
s'alucs for regions A and 0,3 man ice thickness correction of 200 ft 
(60m) was inferred from valley cross-sections yielding final regional 
estimates of 11 900 ft (3630 m) to 13 600 ft <4150 m) 

Estimates were obtained similarly for the 42 small present day 
gbcicrs, using data derived from a combination of maps, air-photos and 
ground-checks. They fall into well defined and consistent regional 
groups near the centre of the range with mean firnlincs ranging between 
14 750 ft (4500 m) and 15 550 ft. (4740 m), having standard errors of 
10-70 ft (3-20 m) 
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A straightfonvard comparison between the fimlmcs of the Mahoma 
stage and the present day indicates, therefore, a difference of 
1950— 2850 ft (590—870 m) Most of the Mahoma glaaers, however, 
have completely melted and there has been such great recession of the 
remainder that a crude comparison which takes no account of the 
horizontal displacements of the fimlme values concerned must be 
inadequate 

These results may be contrasted with a comparison of the Recent 
and Mam Glaaations on Mount Kilimanjaro (Downie, 1964, Osmaston, 
1965), when the same glaaers flowed down the steep volcanic cone of 
Kibo, and the relative retreats and displacements were less Groups of 
glacier tongues flowed from common sectors of the ice-cap, so aldiou^ 
there were clearly large differences between sectors, no statistic 
precision could be estimated for the sector fimline, and hence no 
statistical criterion is available for comparing K values Table 10 2 gives 
the results for two sectors, and shows that though there arc differences 
of up to 500 ft (150 m) between the Kl and K2 values of each fimhne, 
the indicated changes of finvitne only differ by 20— 30 ft (5— 10 m) 
assuming constancy of K This confirms the similar conclusion drawn 
orcvnously from the simple models Such considerable differences 
between the Kl and K2 Hmime values would probably be associated 
with significant differences m precision on a mounum where mdividual 
glaaers could be distinguished, thus providing grounds for choice 
between them 


Table lo 2 

Regional firnlinet of tbe miin and recent ^cuTions KUimanjoro 



K I 

Difference 

K = 2 

Difference 

KiboSW 





Main glacier 
Recent Racier 

14 710 1 
17 210 j 

2500 fi, (762 m) 

14 200 1 
16 730 j 

2530 ft. (771 m) 

KiboNW 





Main glacier 
Recent glacier 

14 590 1 
17 550 ) 

2960 ft. (903 m) 

14 230) 
17 210 1 

2980 ft. (910 tn) 


Sole thesefigures ucunadjunedforicethKluieu 


Fimline surface models 

The mcAods described above provide good estimates of the mean 
r^me for a group of glaciers, but treat the divergences of individual 
glaaers as being due to irrelevant and minor differences m local relief, 
aspect, etc. If the group is fairly compact and homogeneous this 
assumption may be satisfactory, but, m the of the Ruwenzori 
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Mountains, inspection of Figure 10 3 shows that the glaacrs m fact 
form a continuous distribution, and that diere are not discrete jumps in 
fimlme betivcen the somewhat artiitraiy contiguous r^ions. This 
accords with the results obtained by earlier workers when mapping 
glaaerization limits m Europe, and b> the more recent mapping of 
come altitudes m Tasmanu (Peterson and Robinson, 1969) and 
Scotland (Lmton, 1959, Robinson et al, 1971), and of annual 
equilibrium line altitudes in North America (Meier and Post. 1962) 
Thus a more realistic concept is that of a ftmhne surface, of more or 
less con^ilex shape, inrcneairg with the land surface of the mountain 
range, wherever the line of intersecoon crosses a vallcj , it follows the 
fimlme of the local gbacr, but on mtcrvcnmg ridges it has no real 
meaning This surface has no existence except in the context of a 
particular mountam range accumulation ts determined b) the oro- 
graphic precipitation and if the range is so dissected that for example, 
half the snow ts rapidly shed from steep ndges into the %-aIleyy, the 
accumulation on the glaaer surface will be doubted and the fimlme w ill 
be lower than on a smooth tee cap 

Unfortunatelj, one is here faced wth a dilemma. The methods just 
desaibed, for determining the best Hofer or Bruckner constants or the 
best accumulation function to use, depend on grouping the glaocrs, 
thereby obtamm| group means of hi^ preciaon, whereas for deter 
mimng a best fit surface it is preferable to use estimates for individual 
glaciers to pro>'ide as many points as possible to define the surface, even 
tf the observations arc somewhat clustered (Robinson, 1972) Thus in 
principle one might wish to calculate the best mdividual relation to use 
for each glaaer, such that the resultant firnlmes conform to a surface 
with mimmum squared delations Howes-er, this approach u not 
possible with the mformacion ai-ailable, since the estimated fimlme for 
each glacier can be made to fit pcrfcalj any surface which miersccts 
the glacier, provided no consistency of rclaaon is demanded for 
ncighbourmg glaaers. 

The first step therefore ts to use the graphical General Jlcight method 
for prcliminaiy checking and sorting of the data followed b> 
demarcation of homogeneous regional groups on both map and graph 
taking into account fimlme altitude, gbaer tj-pe and aspect. Tor each 
group, the best fit constant for equation (4) — or for equation (3) if 
area data are not aswdablc — is obtained by the tteramT process 
described prenously , with this the ftmimes of individual glaciers can be 
recalculated and replotted on the map, after correetmg for ice thickness 
if necessary . and finall) a fimlme sunace can be fitted to these aJtirude 
pomts. If desired, the smaller gbcicrs can be giim special wc^htir^ at 
each stage of the operation 

This surface is one for which a cMnTnttonal lean squares fit is fully 
approprutc, but the choice bemeen fitting a surface bj hand or b) 
Computer depends on the \inability of the dau points and the degree 
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of Esneralisation required If a high degree of generalisation is desired 
for numerous and vay variaWc data, a computer is preferable, though 
die interpretation of such a surface needs caution, but if the data are 
consistent it may be easier and quite adequate to fit a surface by hand 
and this IS essential if the data indicate a rather complex surface which 
one desires to represent, particularly if additional information is to be 
used, such as the restriction that unglacKrized peaks should not 
more than 100 m above the surface 1ft fact firnhne data do seem both 
to be remarkably consistent, and.if they are sufficiently numerous and 
well distributed, to show complex surface shapes which are beyond the 
normal capacity of a computer, but arc closely related to the regional 
relief of the land surface (e g Mcict and Post, 1962. cf Unwin, 1968) 
The best compromise may be to use a computer initially if the number 
of points warrants u, and to improve the fit subsequently by hand, 
guided by a plot of the residuals l/nwm (1970) has shown that for 50 
points a leduclioft of at least 50% m the sum of squared deviations is 
necessary to indicate a significant statistical anprovement, and the fit of 
both the computer and hand fitted surfaces should be assessed in this 
light The use of extraneous information may however decrease the 
apparent fit of the hand fitted surface and impTOvcmcnts which 
conform better to the relief may be insignificant statistically but 
important theoretically 

figures 10 5 and 10 6 show examples ofthis approach applied to the 
Ruwenzori Mountains Figure 10 5 shows a hand fitted firnhne sutfaM 
for the 42 present glaciers (based on 1955 air photography and field 
observations) grouped into 8 regions, the points are too clustered to 
justify a more elaborate fitung procedure Figure 10 7 shows computed 
and hand modified fimlme surfaces fitted to data for the 75 Mahoma 
Suge glaciers Table 10 3 shows the effcaiveness of successive stages of 
firnlme modelling in terms of the reduction of the sums of squares and 
of the standard deviation 


TABLE 10} 

Companion of fanlme models 


Model 

Sunt of squared 

deoultons 

(ft*) 

% Reduction in 
SSD vntb 
respect to 
Model 1 

Standard 

dentation 

(ft) 

\ Populiuon 79 glat'CTS 

4Jxlo‘ 

_ 

740 

2 43fOupireans 

Sx 10^ 

S8 

2JO 

3 Coniputer-fitted lineir plus 
quadratic surface 

lOx 10* 


IdO 

4 Hand ncted surface 

1 2 X 10* 

97 

120 
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Figure 10 5 The present gliciers of the Rowenton and their mean regional 
isorimlines 


Inspection of the dau points shows that the surface consists of a 
fairly simple hump, elongated NNE-SS\V. for which a quadratic surface 
should be a suiable model In fact, a best fit linear and quadratic 
surface expressed bj 

Altitude* 1 14 + 0 0515 E *0 0573 N- 0 116 E* 

♦ 0 0931 EN- 0 0271 N’ 


where E = map grid Eastings in 100 km 
N * map gnd North inp in 1 00 km 

prtmdcs a 77% explanation of the alniudinal varution This lesel of 
explanation would be regarded as vei} sansfactoiy in most trend 
surface problems, and indeed the programme rejected attempts to 
introduce higher order varubics because their contributions did not 
reach a critical IcxtI of significance 

Howev-cf. inspection shows that there is still a duster of mutually 
supporting discrcpanoes m the centra! cast region, and that elwhcre 
there arc lesser but still d&r consistencies in the discrepanc) between 
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data points and the surface Moreover the sum of squares and the 
sundard devuoon are greater even than diose obtained by the simple 
regional groupit^ of the glaocrs. The hand fitted surface represenu *n 
affttntpt \t» -attumnioAaftc ^ese mi&uifis and Toy beniuig 

whole hump to pfm-idc a bener fit while jet maintaining smooth 
curves (or jsofimlincs The effect of this is stnVing as the sum of 
squares h reduced to oiJj of the total devutions and the 

standard desution of the data points from this surface is only 120 ft 
The form of this surface u cleailj related to the regional relief and the 
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high precision of its fit in relanon to the difference benveen the 
altitude of surfaces representing different penods of glacierization gives 
one confidence in using it for sudi comparisons 

Companson of the firnlmc surfaces shows that their major slopes arc 
so similar in direction and gradient (unusually steep at 60 m/km the 
steepest found by Meier and Post was 13 m/km in the St Elias Mts ) 
that the dommant wmd duection must have been similar too at both 
times, thus theories which associate climatic change with major shifts 
of the wind systems arc unsupported in this case The simplest measure 
of the climatic difference between the surfaces is given by their 
difference in altitude as displayed in Figure 10 7, which shows that the 
vertical difference between them ranges from 450 m to 600 m As the 
local lapse rate is l^C per ISOm, a crude temperature difference 
between the two penods of 3*“4‘*C is mdicatcd if other factors 
remained the same This is reasonably in accord with estimates by this 
method for Mt Kenya (S^C) and Kilimanjaro (6*) (Osmaston 1965), 
and with pollen evidence on Mt. Kenya (5-9“C) (Coetiee, 1967), the 
differences probably reflect the large differences m precipitaQon on 
these three mountains, and movements of the firnlmc in relation to the 
zone of maxunum precipitaaon 

The Mahoma surface itself has an altitude range of 750 m and the 
present surface a range of 250 m (over a shorter horizontal distance), so 
It IS clear that a casual comparison based on only a few of the glaaers 
of each time, with fimlines not vertically coincident, could be grossly 
misleading, and it is essential to use as complete a model as possible of 
each rirnline surface, constructed by a consistent and objective method 
such as that summarized here and described m more detail elsewhere 
(Osmaston, 1965) 

In conclusion u must be emphassed that this method of firnline 
estimauon depends first on accurate obsen ations of the limits of actual 
glaciers, or of former ones marked by reliably correlated moraines 
«cond. on the application of an empirical physical relationship 
between altitude, area and mass balance, using a range of constanc 
companble with observations on actual glaciers, third, the selection of 
the most ^obable of these from mtmical considerations of minimum 
wunce T^e result is an estimate based on sound physical pnnciples 
but dependent partly on probabilistic assumptions about the sources of 
variation In the absence of further information it is the mostrelublc 
estimate that can be made 
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Alflsj balance (formerly often called mass budget) is the a^ebraic sum of the 
accumulation and ablation dunng a year (or other stated period), either at a point 
(in units of water equivalent depth), or integrated over part or all of the glaner area 
(in units of we volume) 

Steady state descnbes a hypotheacal condition in which a glacier is neither 
^vancing nor retreating and the total mass balance is aero 
The distinction between glaaensattoa and glaesatton (and between their related 
forms) has been thoroughly discussed in the Journal of Glacietagy, voL 2, Nos 16, 
17 and 18, and in the British Geomorphological Research Croup Oceastonal Paper, 
Mo 3, a final editoral note in the former asks all contributors to maintain the 
distincoon carefully 

Clactemed = covered (partly or wholly) with glaciers. 

Glacuited o sculptured (by deposition or erosion) by glaciers, which may or may 
not still exist, eg despite long leeatbenag since deglaciemaiton ibeglacuteJend 
unglaciated parts of the range ate clearly distmguabable 

Sometimes glaciated can serve m both senses together without confunon but 
Ae use of deglaeiated in any sense is slipshod 

The observations on East Afrcan mountains are presented m Imperial units (feet), 
anee the exeelleni photogrammetncmapsfby the Direnorate of Overseas Surveys) 
were contoured on this baaii Metric equivalents are given for the more imporunt 
figures 

1 am very grateful to Alex Chalmers for help with the computing and to John Nye 
for much good advice 
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PART IV 


Soils and Biogeography 



Chapter 11 


Landscape Periodicity and Soil 
Development 

Leonard Curtis 


This essay seeks to discuss evidence of the effects of gcomorphtc 
processes of erosion and deposition found in soil profiles Soil can be 
defined as any unconsolidated mmeraJ or organic bycr thicker than 
10 cm occurring at the earth’s surface Surface layers that do rot meet 
these requirements are designated as rock land. \«ter. ice or snow 
If a vertical section is cut down through the soil several lajers or 
horizons are exposed for which a system of nomenclature is used This 
places horizons under the headings O, A. D, C and sometimes D, 
(US DA Soil Survey Staff. 1951) The whole of the soil profile is 
significant to the agnculruraltst. the surface (A) horizon because it is 
the seat of biological activit) and the pnncipal source of nutrients the 
subsoil (B) horizon because it affects drainage, soil moisture retention, 
aeration and root development Both A and B honzons arc important in 
respect of their influence on soil temperatures The undcrl>ing parent 
matcrul (C honzon) is mainly significant because it ma> contain 
weathcrablc minerals yielding nutneno and its texture may affect 
permeability Deeper parts of the r^lith (D honzon) are generally of 
less imponance to plant growth and arc not alwa>s descnTied The 
organic (O) horizon o\erl>tng the solum is not alwa)^ present 

In contrast, the engineer normallj defines soil as 'the unconsolidated 
sediments and deposits of solid panicles derived from the dmntcgration 
of rock* (Jumikis. 1962) In fact, the engineer is mam!) interested in 
what the agriculturalist or pedologist would term the C and D honzons 
The recognition of soils as organised natural bodies is gencnll) 
aencditcd to Dokuchaiev (Dasinski, 1959) In hisearlj classic work on 
soils in Russu. Dokuchaiev put forwanl the vnevs that soils were the 
products of complex intcnctions of climate, parent matenal (regolith 
type), topograph), plants and animals The resultant soil charanmsncs 
wCTc also dependent upon the time dunng which these facton operated 
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on a particular landscape Thus Dokuchaiev was very conscious of the 
geographical andjenvironniental relationships of particular soil types, 
some kinds of soil were found m green geographical situations (sites) 
over and over again Eventually his ideas reached America (Coffey, 
1912a and b) and Western Europe (Ghnka, 1914) and soil units were 
subsequently mapped on the basis of the soil profile and the 
characteristics of the A, B and C horizons Later, severi workers (Cline, 
1949, Jenny, 1958, Sunonson, 1962, Johnson, 1963) found it 
necessary to consider the three^imensional characteristics of basic soil 
entities comprising segments of the nnd of the earth, and Knox (1965) 
proposed the sod landscape unit as a natural sod category The 
boundaries of such units are defined as the points where the lateral rate 
of change in sod properties is at a local maximum 
The early work in Russia (Basinski, J9S9), Amenca (Thorp and 
Smith, 1949) and Europe (Kubiena, 1953) formed the basis for the 
later cUssificatory schemes used in vanous national surveys The ‘7th 
ApproximaOon’ system of sod classification (U S D A. I960) is now 
widely adopted for surveys ui temperate regions, and the work of 
D’Hoore (1965) has formed the basis of much vs’ork m the humid 
tropics These dassificatory schemes vary m dcud, but the general 
hierarchical system consists of Sod Otdei, Sod Sub-Order, Great Sod 
Group, Sod Senes, Sod Type (U S DA Sod Survey Staff, 1951) 

In most of the early studies the sod horizons ivere regarded as being 
essentially the products of pedological processes acting upon a stable 
landscape and regolith. It was recognised that relief affected sod 
formation through its effects on sod movement, water transfer and 
receipt of solar radiation Where profiles occurred in a repeated manner, 
and were geographically assocuted with relief features, they were 
termed a sod catena The term sod catena was first proposed by Mdne 
(1936) for a geographically linked group of sods m East Africa These 
changed character along a traverse m accordance with conditions of 
dramage, differential transport of eroded marenal and the leaching, 
translocation and redeposiiion of mobde chemical constituents How- 
ever, the processes operating to create these relationships between sod 
and landscape were generally considered to be continuous and gradual 
m their operation as the bndscape evolved, e g sod creep and the 
leaching action of percolating water 


The K-cycle concept of sod development 

Thus general relationships between sod profiles and the elements of the 
landscape were understood at an early stage As more detaded studies 
were earned out, however, it became clear that sod development and 
erosion have often been penodic rather than contmuous in many parts 
of the world In many sod landscapes it is possible to distinguish a 
number of cycles of sod development, each of which comprises 
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alternating phases of instability and stability Butler (1959) has 
accordingly suggested that there is a case for dc\ eloping a framew’ork of 
soil studies on the basis of landscape periodicit) In the unstable phase, 
erosion of soils from one area and buml of soils elsewhere takes place 
A considerable disersity of geomorphic processes and events may take 
place within a single unstable phase, eg mass movement, slope 
washmg and loess deposition The areas of soil erosion and deposiDon 
arc likely to be scattered and patch) in a landscape depending on such 
variables as slope, aspect, exposure, surface cover and character of sod 
material In some cycles, areas of erosion and deposition may spread 
from pomts of initiation to involve the whole of the soil landscape 
More often, however, relict areas will temporarily escape erosion and 
will persist as landscape elements m which sod development is 
contmuous for a considerable period (Figure 11.1) 
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Fijufe 11 1 Schematic irprcsenunon of K|. Ivj amj Kj wrfiew on a 

hillslope lUunranng the reUttonrfiipi of the iloughing and aecKiion xonc*. 
(Developed fion\ Butter 1959 ) 

In the stable phase there is a period of plant colonisation and 
pedogenesis, with a relarne pause in active aosion and deposition 
Butler has used the term ‘K-cyde’ to indicate the time unit m which 
each combination of both unstable (u) and stable ($) phases occurs. 
Thus a number of K<)clcs can sometimes be identified extending back 
from the present, c g Kl(s),Kl(ii) K2(s), K2(u).K3(s),K3(u), etc. 

The evidence for such K<y dcs u found within ihe sod profile in the 
form of buried sods and Iithofogicaf discontinuities including the 

E csence of ’srone lines’ (Ruhr. 1959) •Sione'lines' are thin patches or 
V ers of stones within the soil ptofile which appear as bands ct lines m 
the cut section Stone lines vary connderably m thickness, stone sue 
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and persistence (Parizek and Woodruffe, 1957) In some msunccs, 
complete soil profiles arc buned beneath eroded material and the 
former orgamc surface (A) horizon is preserved Elsewhere, however, 
the buned soil itself becomes eroded before bemg covered by matenaJ 
from higher pomts m the landscape In such cases, discontinuities m the 
profile nuy only be detected by analj ses of particle size, pollen content 
or mineral assemblages 

Processes affecting Bntish soils and associated K-cycIes 
The events responsible for K-cycle phenomena m British sods are 
vaned. The climatic and gcomorphological episodes of the Quatemaiy 
penod resulted in v-ndespread instability of the sod surfaces In 
particular, major amendments of soil profiles have been made by glacial 
and peri^acial processes Pelner (1950) has outlined the geographical 
cycle m penglacial regions and the processes which contribute to the 
formation of penglacial landforms and deposits Examples of the varied 
surface and soil charaaenstics resulting from penglacial activity m 
Bntain have been revnevved by Fiupatnck (1956a, 1958) 

It IS evident that redistribution of surface sod matenaJs took place on 
a large scale at the close of the Quaternary era Removal of fme 
textured sod materials from the summit areas left behind a stony 
regolith exposed to subaenal erosion and, in some cases, these became 
block fields (felsenmecre) The processes of forma non of screes, block 
fields and tots. t)picall) associated with penglaaal environments, have 
been desenbed by Ball (1966), Williams (1968), and Palmer and Nedsen 
(1962) 

The materials moved downslopc b) processes of solifluction formed 
extensive head deposits which arc often characterised by l3)ers of 
different textures Some of these soliflucnon la) ers he close enough to 
the surface to be withm present soil profiles, c g some of the Dartmoor 
granitic head deposits desaibed by Waters (1961, 1964) Layered head 
deposits are readily seen m cliff exposures and soils in coastal 
situations can be readily inspected The complex lay enngs associated 
with these solifluction deposits have been desenbed by Stephens (1966) 
and by Djlik (1966) for sites in North Devon Some examples of 
twentieth-century debris flows m north-east Ireland are given by Pnor 
et al (1970), in which mantles of till debris some 50-100 cm m 
thickness were dqiosited These processes of solifluction and mass 
movement frequently operate where the soil and regolith are saturated 
with water In the penglacial episodes the impermeable lay ers formed 
by permafrost contributed towards surface saturation In addition, 
frecze-thawr processes led to the formation of indurated B/C horizons m 
many soils which reduced downward percolation of water (Fitzpatrick. 
1956b) Internal soil conditions were reinforced by external climatic 
condiaons, and aspect of slope appears to have been important m 
respect of penglaaal and modem examples of mass movement 
phenomctu- Gregory (1965) has described the onentation of fossil mass 
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movement phenomena in the Esk drainage basin, Yorkshire and shown 
that a north-castcriy aspect ts the most common Curtis (1971) noted 
the direcuons of landslides on Exmoor following the 1952 storm 
North — 57, South — 3, East — 20, West — 2 Mean moisture contents in 
the period 1963— 1969 for Exmoor soils on north and east facing slopes 
Were approximately 79% compared with 59% on south and west facing 
slopes The author has, therefore, suggested that the manj slides on 
north and cast facmg slopes can be attributed to differences in pore 
water pressure These are due to the larger moisture contents of nonh 
and east facing slopes leading to rapid saturation following storms, and 
to the presence of impermeable pan bj ers which occur on north facmg 
slopes more extensive!) than on south facing slopes 

Perhaps the most extenswe process affecting British soils and leading 
to lithological discontinuities has been wind erosion and deposition In 
the periglaaal period, considerable areas receded additions of locsstal 
matcnals and these hue a marked influence on sotl properties The 
Qialk heath soils were recognised b) Pemn (1956) as providing an 
example of a loess veneer altering the soil character Tindb) (1965) has 
carried out mincralogical anal}$is of deep soils on the Carboniferous 
limestones of Mcndip, which shows that the si!t> topsoil includes 
minerals not present m the under!) ing rock Curtis(lP74)ha$ob$cned 
that soils on the margins of the uplands of Exmoor are often 
characterised by Ea horizons, with more than 90*o of particles m the 
ranee of 2—125 microns These particle sizes arc characteristic of man\ 
aeoTun sediments, also t: may be noted that the heavy mineral 
composition differs from that of the undcrl)ing rock deposits 

It should be borne in mind, howeter. that Man has been a potent 
agent in promoting pcnodicit) in landscape phenomena Dimbleb) 
(1952) fint drew attention to the possible role of man in relation to 
complex po!)cjclic profiles occurring in the Silpho and Broxa areas of 
the North York Moors These areas wtxc first recognised b\ their 
characteristic polygonal patterning of the t) pc normaJlv assoaated with 
ice wedge polygons Sections through these soils disp!a)ed filled in ice 
w-edges containing Cheviot erratics but, more important!), above the 
Wedge three soliflucuon la) ers were discovered Theboundar) between 
the lower and middle soliflucuon b) ers was marked b) burnt stones and 
charcoal on what appeared to be an old forested surface It can be 
postulated, therefore, that destruction of the forest led to instabilit) of 
the surface and hence erosion and deposition leading to soliflucuon 
bjers runber work b) Dimblcl^ (1962) showxrd that in about one 
third of a number of profiles exammed by soilpollcn anal) sis, there 
were older levels buried beneath Uter deposits Inc buned levels were 
generall) within 45 cm of the surface and were donunanti) at depths of 
about 23 cm. The) occurred in what arc now designated as Ea, B and C 
horizons and were sometimes not casil) distinguished b) c) e but were 
detected b) pollen ana!)^^ 

Dimbleb) (1952, 1954, 1955, 1962) has also shown that min> 
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upland heaths of Bntain formerly supported deaduous forest. Similar 
changes from deciduous forest lo heathland are reported for Dartmoor 
(Simmons, 1964), South Wales and Exmoor (Crarapton, 1963, 1966, 
1968) The clearance of forest by early man appears to have been the 
mitiating factor for the development of heathland As a result, the 
former brown forest sods were subjected to more intensive leaching and 
an acid mor t>'pc of humus developed. These changes led to the 
development of many of the existing upland podzol sods 

Many of the buned levels encountered by Dimbleb)’ appeared to be 
related to the end of the Atlantic period and beginning of the 
Sub- Boreal, coincident with the Ncolit^c period Thus some K-c^de 
phenomena can be related to this penod of Neolithic clearance of some 
areas of upland vegetation Dimbleby stresses, however, that the impact 
of man may have come earlier because there is evndence of the use of 
fire by Mesolithic man to dnv e his game and to open up the landscape 
for hunting If these fires got out of control penodically, the sod 
surfaces would be much more vulnerable to subaerul erosion and 
deposiuon with resultant layering within the sod profiles 

Sloping sods can be expectrf to be rfiose first affeaed b> such 
erosion and it is interesting to note that the classification of slope sods 
in Bntain has been the subject of controversy Vanous terms have been 
used to desenbe them, including ci>'pto*podzols, truncated podzols, 
btovfii podaobc soils, stron^y leached brown earths and sols bruns 
aades (Robinson, 1949, Crompton, 1960, Mackney and Bomhani» 
1964) The term ‘truncated podzol* was used by Robinson fot sods in 
which high sesqutoxide ratios wae found close to the surface He 
suggested that these sods were those m which, following deforestation, 
erosion had removed the A horizon leaving the sesquioxide-nch B 
horizon exposed near the surface Thus, in terms of K'-c}cIe pheno- 
mena, one would expect to find the buned sod counterpart of these 
slope sods at lower elevations 

The destruction of natural woodland was a piecemeal process 
extending over several centunes In the Romano-Bnnsh penod, it was 
partly due to extension of settlement and farming down into the vales 
from the uplands. Later, however, espcoally m the mediaeval penod 
through to the early nineteenth century , it was dominantly due to the 
desire to extend the capabdities of lowUodsectlemenisand.especially m 
the earlier penod, to provide fuel fornuncral smelting, eg lead andiron 
production. For example, the monastic holdmgs in Lancashire and 
Yorkshire developed vaccanes (cattle breeding stations) m the 
thirteenth and fourteenth centunes Alihough most cattle stations had 
a streamside location, some were sited on valley slopes and on Ac 
moorland edge where Acy doubtless played a part m modifying Ae 
vegetation cover In Ae sixteenA century, a nsmg population and a 
quickening of economic activity brought new farms m appreciable 
numbers Whereas Leland (t 1540) noted that ‘WercdaJe is vvel 
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woodid , by 1652 a survey showed no timber in Weardalc and no 
coppice or underwood near Wearhead The impact of man on the 
vegetation covering valley slopes was endentfy considerable and 
probably triggered off local patches of erosion and deposition 
In the nineteenth and twenaeth centuries burning of the heather 
moors (swaling) has become common practice and has further depleted 
vegetation cover Many upland soils have lost the protective litter layers 
and interception of rainfall by heather has been reduced As a result 
many moorland areas arc in a serj unstable state at the present time 
For example on Levisham Moor (North York Moors) repeated burning 
has resulted in surface erosion on areas where the heather bum was so 
severe that regeneration has been slow or has been presented Quadrat 
studies in 1965 showed that m some places after burning 72*^ of the 
surface consisted of bare soil with only 6 5®6 live CalJuna remaining 
Following rainstorms the channels on such burned areas carrj a load 
consisting of bleached sand grains from Ea horizons and peat granules 
from O horizons In sites where the flow of water is temporanl) 
checked deposition occurs The sand being of higher specific grant) 
settles out separately from the organic matter fragments These channel 
deposits show laminations made up of bleached sand alternating with 
thinner laminations of organic matter The sand layers are normall) 
1-2 cm in thickness whereas organic la>crs may be measured in 
niillimeires (Plate 1 1 la shows this KOu stage) 

On nearby heath-covered moorland showing no conicmporar) 
evidence of instabilit) there are peat) glejea podzols m which 
beneath a peaty loam approximately 7 5 cm m thickness there is an 
albic Ea horizon composed of laminated sand and organic mancr These 
laminations clearl) resemble the deposmonal layers occurring m 
contemporary channels of the eroding parts of the moor Thus the soil 
profiles (Plate 11 lb) provide evidence of an carl er K-C)cle in which 
instability affected pans of the moor which now seem stable i e 
evidence of an earlier Klu phase 

Many of the heads of the vaWeys in moor/and areas consist of 
ill-drained shallow hollows m which the first rivulets caused b> 
overland flow are formed It is in these villc) head sites that buned 
profiles common!) occur On the Nonh York Moors (Figure 11 2) 
mature soil profiles consisting of peaty glc)ed podzols humus iron 
podzols and peaty gle)S have been buried beneath about 1 metre of 
eroded material The detail of the deposited la)crs vanes somewhat 
from one valley head (gnfO lo another but there is a general similant) 
m the pattern (Figure 113) The general honzon sequence (Plates 
11 2a 11 2b) IS as follows 

Honzon I Thin root mat or pear layer 

Honzon 2 Yellowish brown loam) sand/sand) c!j) loam conuining 
gravel la>eTS (subangular and angubr stones up to 3 4 cm 
diameter) 
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Fgurell2 The distnbuOon of buned soils on Lcvisham Moor North York 
Moors 


Horizon 3 Laminated layers of sand and organic matter (similar to 
layers occurnng in contemporary eroding channels iis 
described above) 

Horizon 4 Buned topsoil (organic O layer or A layer) 

The deposits vary m thickness between the four griffs and from point 
to point within each one (Tabic 11 1) 
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TABLE 11 1 

Varuttonstn the depth of btmedtotls North York Maori 


Site 

Dept it fem) 
to buned 
topsod 
(Hertzon 4) 

Mjommm 
tbtekvess (cm) 
ofYettaa 
BroiDii Sandy 
ksyer 

(Homon 2) 

Afaximum 
thickness (cm) 
ofLsmimted 
and and 
organic matter 
(Honzon J) 

Dept6 of gully 
ineuion at 
bead of gnff 
(metres) 

Homess Gnff 

115 26 

82 

33 

2.00 

Hawdale Gnff 

115-38 

115 

8 

1 42 

ftftroufh Gnff 

102-51 

46 

56 

183 

Dundale Gnff 

61-56 

61 

10 

1 52 


Intcrprctanon of these profiles suggests that m the Late Glaail 
period periglaaal activity created extensne new surfaces svjthoui sod 
differcntution on them <K2u) In the succeeding stable phase (K2s) sod 
development created a vaned sod landscape uidudmg acid brown 
earths, glcys and podzols At the later stages of sod de\ clopment, peaty 
glcyed podzols, humus iron podzols and peaty glc>s were dominant A 
proportion of the K2s groundsurface was then eroded and buned in an 
unstable phase occurring in the late nineteenth century on Levisham 
Moor (else\shere on the North York Moors mediaeval clearances maj 
have led to phases of instability) Mainly stable ground surfaces were 
established following the klu phase and acid blown earths under 10 cm 
of peaty loam were developed on the Kls deposits At the present 
time, small amounts of localised erosion are giving rise to laminations in 
channel deposits and these can be asenbed to a KDu phase 

The occurrence of buned sods at the heads of valleys accords well 
with evidence of overload flow on upland heaths on Mendip, Somenet 
(Su^, 1973) Waterlogging of the surface lajen of sod above 
impermeable horizons (c.g Bi of peaty gleyed podzols) leads to 
overland flow following storms Where the surface vegetation is broken 
or reduced by firing or overgrazing, such areas are prone to erosion and 
material is redeposited on lower slopes. 

The valley side slopes of such areas often display evidence of layering 
mdicating surface erosion, together with evidence of slippmg An 
example of horizons occurring on steep (30®) slopes in Pigtrough Gnff 
illustrates the complex pattent of buned honzons which occurs where 
land slipping takes place (Figure 114) The increased laminauon in the 
slipped zone, suggests tbaztbjspowwae.Qit 
more frequently than the upper slope 

The occurrence of buned sods is frequently accompanied by the 
formation of stone Imes, and soil profiles showing evidence of stone or 
gravel commonly occur in upland sods of Britain. Three profiles in 
upland sods of Wales ww described by Ball (1963) and further 



(ura) indsQ 



1 igure 11 4 Section through valley-side soils, Pigtrough Gnff, North York Moors 
Iluned soil horttons occur on the lower part of the slope indicating alternating 
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examination of these profiles (Ball, 1967) showed that, m some 
mstances, there was a fairly dosdy packed layer of stones (in Ruhe’s 
terminology ‘stone lines’) forming a conspicuous concentration approx- 
imately parallel to the ground surface The long axes of individual 
stones were parallel to Ac general slope of the stone pavement as a 
whole Stone layers in peaty glcyed pt^ols (Ashen Senes) on Mendip, 
Somerset, normally occur at the base of the Ea horizon (Curtis, 1974) 
The wei^t of stones present at varying depths was determined in four 
profiles The results showed a maximum concentration at a depth of 
15 cm, the stone content then decreasing to a depth of 40 cm. 
Similarly, measurements showed that the maximum stone size within 
the soil profile occurs at the top of the stone layer Stone size then 
decreases to a depth of 30 cm, below which it increases again as 
bedrock is approached The orientation of stones as observed by stone 
fabric analyses indicates that long axes are mainly oriented down- 
slope Buned stone layers within Exmoor sods are relatively common 
(Curtis, 1971) At the heads of Exmoor valleys, peat bogs have 
develc^ed where flush water (lateral seepage) has maintained surface 
wetness These flush bogs are often over 2 metres deep (Green, 1955) 
and stony horizons within them provide evidence of iodised erosion 
and deposition Sections exposed at Great Vintcombe, Prayway Head 
and Exe Head show stone layers consisting of nibangular fragments of 
sandstone and slate overlain by approximately 45 cm of peat (Plate 
11 3) The stone layers represent an unstable phase of erosion and 
deposition followed by a stable phase of peat accumulation The cause 
of the unstable phase is difficult to ascertam It may have been due to 
human anion such as turf cutting or agistment of animals (MacDermot, 
1911, 1973), or to major flood conditions such as those of 1769 
(Chanter, 1907) 

The recognition of litholc^cal discontinuities and buned honzons 
has led to the adoption of a special horizon terminology (Avery, 1973) 
Roman numerals are prefixed to honzon designations, to indicate 
distinct lithological discontinuities representing vertical vanauons m 
parent material as evidenced by changes in particle size distribution, 
stone content or mineralogy Honzons comprising the uppermost 
lithological layer are not numbered in profile descriptions, the number I 
being understood Horizons in succeeding depositional layers are 
numbered II, Hi, etc , consecutively with depth Pedogcnic honzons 
that have evidently been buried by deposition of fresh material with 
little subscijucnt modification arc indicated by the prefix b (buned) 
The bartevl nrej' be cunotmevf nr sttnolar mxccrcs! v'e g dr or 

by dissimilar materia! (eg, II b Ah), mdicating a lithol^caJ dis 
continuity 

The effects of buried horizons on subsequent pedogcnic processes 
have been little studied. Where buned horizons are composed of organic 
matter, they may give rise to distinctly different miCTobial populations. 
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In these circumstances, preapitatton of elements translocated in 
solution, or by the process of cbcluviation, may take place at the 
discontinuity Bloomfield (1953, 1955) has studied the mechanism of 
rcpreapitation of the translocated oxides of iron and aluminium He 
suggested that microbial action may be largely responsible for repre- 
apitation and thisvicwivasmpporred by Crawford (1956) There maj, 
therefore, be a case for the re-cxamination of humus iron podzols, to 
determine whether humus B honzons are cntircJy pedogcnic or whether 
some arc b Ah or II b Ah honzons which have tn^red off iron 
precipitation 

Where mineral particles arc buned the effects on pedogenesis will 
largely depend on the particle size at the disconnnuity Coarse 
materials, such as stone layers, frequently promote lateral throughflow 
Evidence of this can be seen m many upland soils, c g in podzoltsed 
soiJsand broivn earths on the Mendip Hills (Weyman 1971) 

Particles of medium or coarse sand may provide better conditions for 
oxidation and thereby promote precipitation Discontinuities in particle 
size composition can, therefore, lead to zones of iron or aluminium 
concentration. Bloomfield (1953, 1955) has shown that sorption of 
ferraus iron on feme oxide nuclcii can produce surfaces capable of 
sorbing more material Thus a II B horizon which is sandy and contains 
iron coated particles may be an effective precipitation agent, leading to 
further iron deposirioa 

\Vhere buried horuons are composed of fine textured material, they 
may resemble the textural B horizons characteristic of the process of 
lessivage (Duchaufour, 1965) If the buned layer is of low porosity and 
high bulk density, it may act as an impedance to soil drainage In these 
arcumstances, the phenomenon of gleying may be associated with 
buned honzons Gleying is essentially a process of reduction and in the 
case of iron the ferrous state of iron becomes mobile, usually together 
with manganese and some other trace elements The gleying process 
may lead to translocation of iron and other elements by a process of 
lateral water movement In such cases, the occurrence and geographical 
pattern of distribution of elements may often be affected by the 
pattern of buned discontinuities which affect gleying and water 
movement 


Conclusion 

The exrent ro wfiicfi pcnodle phenomena Aaix affccrccf prolTi'c 
dev elopment in the world soil groups has > et to be explored Studies in 
Australia (Walker, 1962, Jessup, 1960), New Zealand (Dalrympic 
1958), Afnca (Williams, 1968) and Amenca (Jackson, 1965, Thorp 
1965) indicate the widespread occurrence of buned sods In many cases 
buned horizons gne nse to charactensiic features, eg the 'gumbotil’ 
clay lasers buned beneath Wtsconsian till m the United States (Ka> 
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1916) Such features lead one to queSDon whether profile features such 
as subsoil columnar structures ui solonetzic soils of and regions or the 
ashy grey Ea horizons of podzols are entirely the product of tcrocal 
leaching as traditionally believed Perhaps the columnar structures 
represent buried polygonally cracked surfaces and the bleached 
horizons of podzols are related to pen^acial erosion and deposition in 
many mstanccs The tnggenng of crosional and depositional phases by 
human impact on the landscape u evident in many counmes Perhaps it 
is best displayed m arid regions where successive pastoral and irrigation 
civilisations have mduced instability of the sod surface ov er wide areas. 
Indeed in these regions traditional sod classification categories are 
difficult to apply Sod mapping is often best earned out on the basis of 
geomorphic units which reflect the crosional and depositional land 
scapes hVestem 1972) and which closely correspond to sod profile 
characteristics It seems likely, therefore, that sod dassiflcanon 
will require progressive modification to take mto account the changes 
wrought by pcdogcnic processes resulting from the acDon of periodic 
phenomena at the ground surface 
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Chapter 12 


A Review of Methodological 
Advances in Pollen Analysis 

Keith Crabtree 


The technique of poUen analysis has been widely used by archaeolo- 
gists, biologists, geographers and geologists since the incqition of the 
method by von Post m 1916 In Britain, after mioal work by Erdtman 
(1928), Godwin developed the technique along the lines suggested by 
von Post, that is as a tool for straagraphic work and as a record of the 
British flora Increasingly, the objective of many palynolopcal studies 
has bixoine palaeoecolo^cal. especially since radio-carbon dating has 
largely replaced the straagraphic significance of pollen spectra. To use 
pollen assemblages as mdicators of former plant communities many of 
the basic assumptions of the method of pollen analysis have come 
under detailed scrutiny and research over the past twenty years 

At the outset it should be stressed that pollen and spores are but one 
ty-pe of evidence m palaeoecological work. The sediments containing 
^e pollen usually also contain algal remnants, macroscopic plant 
remains (seeds twigs leaves, etc ). invertebrate remains (shells, elytra) 
and vertebrate remains (bones) The form of the sediment and us 
chemistry may also give mdicaoons of the environmental conditions at 
the time of its deposmon (Mackcrcih, 1966 Pennmgton, 1970, 
Pennington and Lishman. 1971) Total analysis of the sediment is 
desirable to enable the fullest possible understanding of the palaeo- 
ecology of die sue 

In this essay some of the work aimed at gtving greater objectivity to 
pollen studies of the Quaternary period will be reviewed The vanous 
aspects will be considered undec a. senes of headjjjgt. 

1 Pollen rccogninon and identificaaon 

2 PoUen tranrfer from source to site of accumulaoon 

3 Sue condiuons and their effect on pollen assemblages 

4 PoUen assemblages and the vegetation from which they have been 
derived 
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5 Sampling problems 

6 Data presentation and analyss 


Pollen recognition and identification 

When pollen analysis was pnmanly used as a stratigraphic tool, only the 
mam tree pollen types were identiflcd and recorded As interest m 
palaeoecological interpretation increased, attempts were made to 
recognise all pollen and spore types found in sediments down to species 
level The chief research laboratories concerned with pollen analysis 
built up large reference slide collections (Andrew, 1970), and from 
these monographs on single families or complete keys for the 
identification of pollen and spore types have been produced The kej'S 
of Faegri and iversen (1964) and of Erdiman, Praglowski and Nilsson 
(1963) based on the NPC (number position and character of the 
aperture) system have enabled a more ngorous approach to describing 
and identifymg the poUen of north-west Europe A number of pollen 
types are only described to family or genus level in the standard keys 
and for sub-division one has to consult mcculist studies Many of these 
have been based on ‘good’ spccunens of fresh or herbarium material and 
often rely upon the morphology and size differences m the fine 
sculpturing of the pollen gram w^l, features which are often distorted 
or corroded in fossil specimens, especially after the chemical treatment 
given during slide preparation Sire-freijuency diagrams (or Unties and 
for Lotus and pore frequencies for Plantago are given by Birks (1973), 
while deuilcd single family studies such as those of the Carjo* 
phyllaceae and Rosaccae by Anderson (1961), of the Saxifragaceac by 
Ferguson and Webb ( 1970) and of the Compositae by Stie ( 1960) have 
enabled the recognition of pollen grains down to species level in 
otherwise difficult families Some separations vvnthin the Cyperaceae 
and Gramineae families have been possible by the use of phase^onirast 
microscopy (Faegn and hersen, 1964) 

The electron microscope, and especully the scanning electron 
microscope, has been used more m determining the ultra structure of 
the pollen gram wall during taxonomic studies than for pollen 
identification, (Martin, 1969) However, Pilcher (1968) records some 
appbeatjons of the scanning dectron microscope in pollen studies and 
there are several studies of pollen morphology within families which 
include Its use. Sivak (1973) uses the scanning electron microscope in 
separating 12 species of recent Tsuga by theu pollen, while GiUctt, 
Bassett and Crompton (1973) likewise arc able to distinguish North 
American Tnfoltum pollen down to speacs level In both cases fresh 
pollen IS used In the case of foss3 gtains surface corrosion may reduce 
the value of electron microscopy in routine identifications, though it 
has been successfully used on Lrtca seeds by Huckerby, Marchant and 

Oldfield (1972) 
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Pollen transfer 

The pollen and spores encountered by pollen analysts ha^ normally 
been transported to the accumulating site either by v.md or by water It 
has often been assumed that wind transport is dominant in most 
deposmonal sites but recent work has demonstrated the sigmficant 
contribution of water transport and water disturbance m lake bed 
(Itmtuc) deposits 

Early workers in pollen analysis wrote vaguely of ‘the pollen ram’ 
and only a very simple model for the transfer of pollen was envisaged, 
giving an homogeneous mix of poDcn m local air currents and the 
subsequent deposmon of this mix either in ram, or by settling out from 
the air, all wnthm a ‘short’ distance of its pomt of release Tauber 
(1965) apphed the data on the air transport of small particles demed 
from air pollution and msecticide aerosol disseimnation studies, to 
nuke a re-evaluaoon of the actual mode of transfer of pollen grams 
from the vegetation to the lake or bog sites. He demonstrated how 
particles the size of pollen grains mi^t behave under different weather 
conditions For small lakes or bogs withm forested areas, Tauber 
concluded that transfer above the canopy plays only a pamal role and 
that the greater part of the pollen is derived from air flow within the 
trunk space In this context, it is relevant to note the dare of flowering 
of the trees and shrubs Corylus Aims Populus Vlmus and some Saltx 
flower before leafing, Fagwa Quercus Betula Fraxmas and -4cer flower 
as the leaves open, whde Tdu flowers after the leaves are fully open 
VSTind speeds withm the trunk space tend to decrease with leafing and 
hence one might expect the early flowermg trees to ha\T their pollen 
dispersed further than that of the late flowermg trees Tauber (1965) 
suggested that the relative contribuoons of pollen from above<anopy 
transfer, level tranqjort (washed down m the ram) and ininkspace 
transfer might vary from ratios of 1 1 8 for a small lake or bog 
withm a forested area to perhaps 7 2 1 for a very large lake or bog 
From this one infers that the size and openness of the colJectmg site are 
of considerable significance in trymg to account for the source area of 
the pollen This may be illustrated diagrammancally as m Figure 12 1 
Fur^crmorc, over time the collecting basin mi^t become smaller with 
normal mfillmg and so the relative contnbunons of the pollen sources 
mi^t change 

In the same paper, Tauber (1965) gives cndencc for the differennal 
filtration of pollen by trunks and branches Depending upon the wind 
speed and the density of flic branches, trunks or stems, the larger, 
heavier pollen types are likely to be differentially filtered out of the air 
flow and the proportions of the pollen types reaching the accumulanng 
site will differ substanoally from those withm the woodland Tauber 
raises doubts about the validity of results obtained from some of the 
methods used by palymologists to tr^ air borne pollen grains on slides 
within an air flow m woodland As denser shrub and herb communities 
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Figure 12 1 Diagram to show the changing contnbution of pollen as sue of lake 
basin increases using the terms and ftgurcsof Tauber (1965) 

commonly occur at the woodland margin and around small lakes the 
effect of filtration may be marked Filtraoon rates may also vary over 
time With changing shrub density and thus real changes in the pollen 
component being supplied from the woodlands may be masked 

In 1967 Tauber backed up largely theoretical ideas with an empirical 
study of pollen transport in a forest m DenmaTk using a specially 
designed sampler mounted on a raft floating on a small lake One 
immediate result of the study was the realisation that up to 50% of the 
pollen collected was ‘re floated’ It had been deposited on leaves, stems 
and twigs during the flowenng season and then rc-distributed during the 
later summer and autumn A large part of this component was 
associated with ram drops Tauber m the same paper records figures for 
pollen impacted onto twigs, contrasting the hi^ numbers on the rou^ 
bark of willow (Salve cxntrea'i with much lower numbers on the 
smooth bark of birch 

Various authors have noted the markedly c^ponenual nature of 
dispersion of pollen from a smgle source Potter and Rowley (1960) 
report the work of Federova (1956) on cereal pollen At the edge of a 
tyc plot, 1360 cereal pollen grams per cm* were found while at 300 
metres from the edge the value fell to 3 per cm* Turner (1964) found 
Oiat the mflucnce of a pine stand was noticeable in pollen assemblages 
only within a distance of about 300 metres Similarly, undergraduate 
project work m Bristol University Get^phy Department has shown 
that the decline in pine pollen is most marked o%er the first 340 metres 
from the margin of a plantation 

The distanee-dccaj curve for pollen deposition will vary for each 
species and with different meteorological conditions. For pollen 
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Figure 12 2 Diagram to lUunrate the effects of distance from source uhen 
considering two pollen types of different buoyancy in the air 

N B Assume a steady drift of au from left to right and an elm and pine elevated 
point source (e g one nee of each kind) at Ai Then a pme elm pollen ratio at 
sample point Bi would be 1 I and at twice the distance from the sourcefBj) the 
ratio would be 2 25 1 To obuin a ratio of I 1 at the elm tree would have to be 
located at A} or there would have to be an mnease in the number of trees at source 
A| by a factor of 2 25 

dcposmon from an elevated point source, Tauber (1965) produced a 
theoretical curve which was used by Oldfield (1970) in a discussion on 
the problems of changes over omc of pollen source areas The same 
reUnonship is used as a basis for Figure 12 2, which shows the possible 
curves for pollen deposition for pine and elm dented from an elevated 
point source (a single tree) at Site A| A steady constant drift of air is 
assumed, resulQng in maximum pollen deposition being slightly 
downwmd of the source Relative poUen productivities between the 
two trees are ignored Elm pollen is heavier and less easily transported 
than pme pollen One secs that at distance B , from source A j the ratio 
of pine to elm pollen ts 1 1 while at twice the distance, at Bj the ratio is 
roughly 2 25 1 The same relative proportions at Bj could be obtained 
by movmg the one elm tree source to Aj or by maeasing the number 
of elm trees at Ai to 2 25 From the previous paragraph it will be 
realised that these effects will be most marked within a few tens or 
ViiTrfai-is xA TTA'avi ficrrh •» penrA ■Jtitncc, art a'oacri une Vi’iDmed 
effect may be negligible 

The effects of water transport of pollen upon pollen assemblages has 
recently been examined by a numbn of workers The phenomenon of 
concentration of easily floatable pme pollen on the windward shores of 
lakes had been noted by Hopkins (1950) The transport of pollen from 
aquatic plants was recognised, but die full role of the transport of 
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pollen by water was not appreciated until studies of manne deposition 
had demonstrated the transport of terrestrial pollen into the oceans by 
rivers (Muller, 1959) Peck (1973) reviews relevant literature and 
describes studies from a small catdiment basin on the North York 
Moors She found significant differences in poUen numbers and 
percentages caught in traps above the surface of a small rescr\otr 
compared with diose found at the surface sediments of the lake Peck 
conduded that stream-bomc pollen was contributing very sigruficantly 
to the lake sediment and that this in turn was derived by ramwash and 
by direct deposition onto the land surface and then transport to the 
stream by overland flow or by through flow The actual figures 
showed that the air traps above the lake accounted for only 4—10% of 
the total pollen influx In addition, the composition of the stream- 
borne component was distinctly different, mcluding large numbers of 
Ptendophyte spores and Ericaceae pollen which were only poorly 
represented in the air traps Crowder and Cuddy (1973) in Ontario 
investigated river water samples on a regular basis Again it was 
concluded that a large proportion of the pollen was transported from 
the soil surface mto the nvers They also found marked differences 
benveen the spectra found m moss polsters, those found m the nver 
water and in the lake sediments 

Studies such as these lead to the conclusion that comparisons of 
spectra from different deposiiional environments must take mto 
account the modes of cransport to that environment Further, that 
changes in pollen spectra m a suigle deposit may be related to changes 
tn transport media, for example, the diange from lake mud to raised 
bog peat commonly found in British deposits represents a change of 
transport media from au* plus water to air alone 


Site conditions 

A standard assumption of many pollen assemblage assessments is that 
sequential accumulation of the ‘pollen ram' has occurred and that once 
It has been deposited no further changes occur This assumption has 
been shown to be false in a number of environments 

Differential destruction of pollen occurs and some of the more 
delicate pollen grams arc rapidly lost, except m conditions ideal for 
preservation Hasanga (1967) studied the preservation of pollen in soils 
and litter, looking particularly at biological and chemical erosion He 
published a table of susceptibBity to oxidation, showing that Poty 
podium Pinus, Mynca and Tilia are some of the least susceptible grains 
while Su/lv, Acer, Fraxinus Fagus Quercus and Populus are some of 
the most susceptible Cushing (1967) looked at sub-fossil pollen, noting 
the form, type and degree of preservation on a slx point scale In 
Minnesota lake sediments degraded poUen grams were dominant m algal 
copropel, and corroded pollen grains predominated in moss peat Since 
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the case and level of determination vanes with different states of 
preservation deposits where rapid changes in the former sedimentary 
environment have occurred may have to be viewed s-cry carefully 
Pollen types such as Ttlu, Pinus and Alnus which can be easily 
recognised esTn when partly eroded, may be over-represented in the 
counts while Qutreus, Populus and C^craceae may be under 
represented 

Unless the pH is less than 5 5, pollen is rapidly lost m soils, leaving 
only the most rcsistcnt grains (usually Polypodiutn spores) In acid soils 
there is often good preservanon, though interpretation has to take into 
account down-profile movement of poUen (Dimblcby, 1962) 

Any physical movement of pollen after deposition will tend to alter 
the v^ue of a deposit for the interpretation of past conditions In peats 
It IS generally assumed that downward transfer of pollen is minimal and 
as animal activity in w et peats is low, mixing of peats by natural means 
IS unlikely In lake sediments there is evidence for disturbance 
Fluctuating lake levels result m the reworking of marginal sediments 
“nie presence of two distinct pollen populanons, one more eroded and 
crumpled than the otha, may indicate mclusion of reworked pollen m 
a deposit 

Work by Davis (1968) has shown that the charactensuc build-up of 
thermal stratification in small temperate lakes in summer, foUoweo by 
the sudden and often relatively violent overturning of the svateis in 
autumn as stratification breaks down leads to diSTurbance of the 
surface sediments and some differential movement of pollen One effect 
of this sedunent mixuig may be the apparently fairly uniform rate of 
deposition m a single year at stations within any one of the lakes 
studied by Davis Variations, however, did occur from year to year 
and between die lalces. The sediment traps indicated a pollen deposmon 
rate 2 to 4 tunes greater than that determined from surface sediment 
cores under ten metres of water Bcrglund (1973) using simDar methods 
but a smaller, shallower and non-straufled lake also obtamed much 
higher apparent deposiDonal rates in the sediment traps compared with 
the sediment cores. His values were 10 to 20 tunes greater m the traps 
He confirms the view of Davis (1968) that *the process of rcdeposiQon 
may be largely responsible for the uniformity and consistency of pollen 
content that has made lake sediments suA favourable materul for 
palaeoecological study’ 

Davis, R B (1967) considered the effect of bottom fauna on the 
pollen in sediments. In New England, datum points are provided by the 
records of First lumbetuig and agnculture (c 1800) the dcclme in 
agriculture (c 1900), the decline in Castanea due to fungal attack 
(c 1930) and the dated local fires Observation of the cores showed 
signs of faunal burrows down to 10 cm and with a local sedimentation 
rate of about 2 mm per year, Dans suggested that about 50 years 
accumulation was bkely to be disturbed Charcoal fragments from the 
dated fires gave an mdicanon of this mixing m that, instead of forming 
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a clear marker horizon at the depth calculated as cquu'alent to the date 
of the fire, the charcoal was diffused both upwards and downwards, 
with the peak concentration just below the depth expected The author 
produced a simple mathcmaticil model to indicate what the effects of 
mixing were likely to be on the pollen sequences These are that the 
minor oscillations of pollen cunes are smoothed our. heights of peaks 
m the curves arc reduced, small amounts of pollen from very much 
earlier dates may be included, peaks or troughs of cunes arc shifted 
dOMTiwards in the profile and finally, that the current mixing horizons 
are likely to be fairly homogenous m pollen spectra This last point may 
tend to reduce the value of lake sediment surface pollen spectra as rc- 
presentmg the pollen ram reaching the sediment today 


Pollen assemblages and vegetation 

The lack of a clearly identifiable source area for the pollen accumulating 
at a site and changes in source areas phis the varying relative pollen 
productivities of plants depending upon speaes and upon rndnidual 
plant age, vigour, habitat or ecotype mean that the relationship 
between pollen spectra and the tegetaoon from «hjch they haie been 
derived is rather speculative Many researchers have tned to match 
contemporary pollen spectra with contemporary vegetation and then, 
by applying the doctrine of uniformity, have tried to match sub-fossil 
pollen spectra with present-day vegetation As already indicated, some 
of the data sources for contemporary pollen spectra and for sub-fossil 
pollen spectra many not be strictly comparable Figure 12 2 showed 
how similar spectra may be produced b> a different combination of 
speaes The approach also assumes that similar flowering charactenstics 
and similar habitat associations occurred in past time In the case of 
‘semi natural* vegetation there can patently be no analogies wnih older 
vegetation communities Janssen (1970) cues numerous examples of 
commumnes which appear to have evolved dunng the later part of the 
post-glacial period 

The differential pollen productivity of various species means that 
pollen percentages cannot Iw equated with plant percentages Facgn and 
Ivcrsen (1964) review attempts to apply some factor to the percentage 
values to try to relate them to plant numbers Davis and Coodlen 
(1960) related basal area percental of trees in Vermont to percentage 
pollen representation in recent mud samples. Trees were dwtded into 
groups which were considered over-represenied {Qufrevs, Pinus Hetvh 
and Alnus), proportionately represented (F jgi/s TsugJ Vlmus Picca 
Fnxinui and Ostrya) and those which were under-represented (.Acer 
Tbu/j, Abies. PopuJus Lanx and Ti/u) Davis (1963) developed these 
data to obtain R values as correction facton 
Species s pollen percentage 
^ Speaes s vegetation percentage 
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Application of R values led Dzvis (1963) to doubt the genctal 
agreement (based on pollen percentages) that there \ns a pme forest 
period m early post-glacial New Engbnd. However, using absolute 
pollen data in 1967, M B Dans revised her news Janssen (1967) 
calculated R values for a number of forest stands m Minnesota using 
surface mud samples. He showed how die same ta-von in three different 
forests produced three different R values and concluded that the R 
V’alue for a given txxon depended upon its abundance m a particular 
communit) and its vegetational enwonment. 

Andersen (1967) studied a very local scale bj taking humus potsiers 
m a mixed deciduous forest. He shourd that the pollen spectra were 
strongly related to the tree composition within 30 metres of the 
sampling pomt and from hu data he produced a senes of pollen 
representauon rates for local deciduous trees. In a more detailed study 
(Andersen, 1970) he confirmed his earlier results and again presented a 
table of correction factors for pollen spectra m a dosed woodland 
notmg that their application to more open sites (tg lakes or bogs) ma> 
be limited. He applied his conrecuon faaors to a pollen sequence from 
the Eldrup Forest covenng the last 6000 -j ears and showed the much 
greater significance of r>7u and Fjgus m the vegetation tban the 
uncorrected pollen record would suggesu 

Birks (1973) used a qualitative appiroach to tr> to characterise a 
range of modem vegetation types b> contemporary pollen spectra He 
collected a number of moss polstets fiom ‘plots of •umfoim flonstic 
composioon and structure of at least 25 square metres* m various parts 
of north'W'cst Bntain. He hoped to find poUen and spore types of 
mdicator speacs for each community to provide laxa of narrow 
ecological or sociological range In general tenns, the major vegetation 
components could be characterised the montane summit vegetation 
had high Cyperaccae pollen and consistent Lycopodium spore values 
sub-alpine tall hab communities had high Gramineae and consistent 
Rumex acetosa. Ranunculus acra type and Tbahetrum pollen plus a 
representation of a cumber of the other herbs found in the local 
vegetation. In neither case could further sub-division be achieved on the 
basis of pollen alone In wtiodlands Buks did find significant correlation 
coeffiaents between local pollen percentages m surtace samples and the 
canopy co\eT for hoA Bccula pubescens and Coiylus a^ellana He was 
able to suggest that pollen alone covild be used to separate the tall herb 
dominated birch woodlands from the bilberry dommated birch wood 
lands. 

A number of the problems associated with relative pollen percentage 
counts may be overcome by the use of absolute pollen data. Von Post 
m 1916 had recognised that changes in pollen percentages were not 
necessarily proportional to changes ui plant commumty composition 
and indeed an mcreased pollen percentage of one speaes may occur 
despite a decrease m the number of that species, if there is a 
simultaneous decrease m number of a high pollen producing speaes. 
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Hesselman (1919) suggested that measurements of pollen per unit 
weight or volume of sediment might be compared, but von Post noted 
the fluctuatmg rate of sediment accumulauon and the effect this would 
have on absolute data Though severaj authors had used the relative 
abundance of pollen at different depths to indicate changes in the rate 
of peat accumulation, it is only recently that methods using absolute 
pollen counts have become widrfy used and recommended It ivas Davis 
and Deevey (1964) and again Davts (M B Davis, 1967) who used a 
senes of radiocarbon dates to calculate sedimentation rates and then 
prepared pollen slides quanacatively so as to express pollen data in 
terms oi pollen gram mputs per cm* per year This led to the 
reinterpretation of the late^cial vegetational changes m North 
America, Subsequently, Pennington and Bonny (1970), using a similar 
method m the English Lake Distnct, demonstrated that the classical 
percentage approach gave a false impression of a ^vanning of climate 
coincident with the birch pollen rise in the latc-glacial, while the 
absolute method showed that the warming and consequent mcrease in 
overall pollen production occurred earlier This conclusion was sup- 
ported by work by Coope (1970) on Colcoptera remains which showed 
that the beetles indicated the warmest part of the late-glaual oscillation 
to have occurred pnor to the vegetanon response as mdicated by the 
spread of tree-birches 

There are now several different methods of sample preparation for 
obtammg absolute pollen counts, methods which are reviewed by Peck 
(1974) One way is to add a known quantity of cxooc pollen at the 
beginnmg of the preparation (Matthews, 1969), another is by sampling 
a known proportion of the total population, taking a known weight 
Oorgensen, 1967) or volume (Davis, 1965) of the sample Peck notes 
that count reproducability will depend on sediment type, since homo- 
geneity of the sediment is a key factor in all preparations There may be 
quite considerable losses during preparaaon, eg about 15% in the 
Davis technique Furthermore, losses vary with sediment type In view 
of this, an apparent change of the order of 20-25% across a 
stratigraphic boundary may be of little significance Bonny (1972) 
determined some of the confidence limits for a method of absolute 
counting and compared percentage and absolute counts for selected 
taxa from the Blelham Bog profile She records that the variations in 
influx from 150 to 3000 grains per cm* per year are much greater than 
those attnbuuble to experimcnul error Work m the Bristol University 
Geography Department suggests that tosses of the order 14 to 20% are 
to Ik expected with preparations made from lake muds using an exotic 
Lyeopodtum spore as an addition at the beginning of the preparation 
The major advantage of all absolute pollen counts is that the 
sedimentation rate for each pollen l>*pe wall vary independently with 
changes m the rates for other pollen types, whereas percentage changes 
arc imerdependcnt. 

Some of the recent pollen ram studies ha\c considered the absolute 
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pollen influx Ritchie and Lachti redcrovich (1967) used Hirst auto- 
matic \olumetnc spore traps at Churchdi, Manitoba and a number of 
open pern dish samplers in various Arctic, sub-Arctic and northern 
coniferous forest margin sites in Canada Thcj' demonstrated the 
existence of long-distance transport of pollen to Churchill, om 
distances of 1000-2000 km, and also the armal of pollen of species 
occurring locally but actually denied from plants flowering consider- 
ably further south, and hence earlier, than at Churchill The data they 
presented in quantitative terms showrd a rapid decline in total pollen 
inputs of 1 1 570 grains per cm* per year in forest to less than 70 grains 
per cm* per year m sedge-moss tundra In high- and mid Arcnc sites 
oier 50% of the pollen was ‘exotic’, le it had been transported at least 
1500 km. The forest and forest tundra showed little significant 
difference in pollen composition though tn absolute terms the forest 
showed higher I'llues Davis, Brubaker and Webb (1973) investigated 
inputs into Michigan lakes which contamed a firm datum. They 
dlustrate spatial i-arution of influx reaching the sediment in relation to 
basin sue and shape, and the nature of the vegetation In two small 
basins studied they found differences of the order of three between the 
number of pollen grams accumulating per cm* per year in shallow 
water (less chan 5 m) compared with deeper parts of the lake (greater 
than 10 m) The authors gave pollen influx values for the five major 
forest regions of the area, varying from 11 100 grams per cm* annually 
in the beech-maple and ash-elm regions to 38 000 m the pine region 
Pennington (1973) reviews absolute pollen influx data for lake 
sediments She prefers the term pollen deposition rates to influx as she 
finds evidence for a considerable loss of pollen from large lakes with 
rapid ihrough-puta of water during summer melt in regions or times of 
large snow or ice accumulation. She also finds evidence that some 
small upland basins accumulate reworked pollen from sods or peats 
dunng times of soil uistability' Pennington concludes that like basin 
morphometry considerably affects pollen deposition rates and that 
some inferences based on absolute pollen accumulation rates may be 
imsieadmg unless account u taken of the basin morphometry Two 
contrasung lakes in Scotland tying dose to each other had deposition 
rates differing by a factor of seven dunng the later part of the 
post-glaaal penod 


Sampling problems 

Pollen analysis is based on a samplmg procedure which m itself 
introduces oppominiaes for oncerrainoes Woodhead and Hodgson 
(1935) made a study of samplmg errors from peal preparanons, 'fhey 
looked at errors m preparing and cxnintuig ten slides from the same peat 
sample ten slides from separate preparanons of the same peat sample, 
and ten slides from the same horizon of peat but taken from up to 20 
metres apart. Their dau show good agreements with low standard 
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deviations. In 1948, Faegn and Ottestad used eight sub-samples from a 
disc of deposit and found no sigiuficant differences bem-een sub- 
samples, though they note that differences of up to 10% between 
percentages of certain spencs do not necessarily signify that the mie 
percentages are different Work by undergraduates in the Bristol 
Geography Department using samples from a disc of lake mud, supports 
these conclusions (as might be expected from the work on modern 
pollen sedimentation in lakes reponed on pages 272—73) 

The preparation technique of boibng wath potassium hydroxide 
solution to remove humic acids, oxidismg with saturated sodium 
chlorate solution, glacial aceac aad and a few drops of concentrated 
sulphunc aad to remove hgnm, and then aceiolysmg with glacial acetic 
acid and a few drops of concentrated sulphunc acid to remove 
cellulose, is assumed to have no differential mfluence on the pollen 
spectra Work on absolute data has shown that losses of 15—20% are 
frequent dunng preparauon and if sieving is included losses may be 
considerablj larger One Bristol student project dcrermincd the pollen 
content after each stage m the preparauon technique using both fresh 
and sub-fossil pollen samples, Ccitain grams were found in about the 
same proportion after each step (4/nus. U/mus, Corylus and Osmunda), 
wrhile others showed a proportional decrease [Betub and Fihpendub) 
or increase {Lycopodtum cbvatum) Quercus appeared to deaease after 
boding in potassium hydroxide solution Excess oxidation did not seem 
to have any significant effect on relative proportions A subsidiary 
problem demonstrated by student project work has been the need for 
care when sub-samplmg with a pipette from a suspension of pollen 
Very narrow aperture pipettes cause differential uptake, and with any 
pipctce it IS only by taking sub-samples from a fixed depth within the 
suspension immediately after shaking that rcproduable results are 
obtained 

The actual sub-sample on the slide may also introduce error into the 
work. Barklay (1934) tvas concerned with the pollen sum requued and 
used a coefficient of reliability between paired counts to show that a 
count of about 200 grams gave a 0 9 correlation This has again been 
confirmed by work at Bnsiol Unless complete slides are counted any 
differential distribution of pollen on the slide may bias the counts 
made. Tlie differential flotation of small grams to the margins of 
cover-slips has been noted (Jorgensen, 1967), though at Bristol we have 
found no significant difference between counts made at the edge of 
cover-slips compared with the centre, nor between counts made on part 
of a slide compared with a whole slide 


Data presentation 

The standard form of portrayal of pollen data has been the pollen 
diagram and this has normally been sub-dtnded according to some 
standard scheme in order to facilitate discussion, companson and 
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description of pollen sequences Godwin (1956) gnes a basts for the 
division of English pollen diagrams based upon changes in pollen 
percentages Recently, although relating pollen lones tentatively to the 
basic scheme, most workers have used focal zonation schemes so as not 
to imply correlations wlh other sites more exact than is warranted 
Birks (1973) defines a pollen zone as a ‘body of sediment with a 
consistent and homogeneous fossil pollen and spore content that is 
distinguished from adjacent sediment bodies by differences in kind and 
frequencies of its contained fossil pollen grains and spores* The 
biostratigraphic unit is an assemblage zone and as such receives its name 
from one or more of its characteristic fossils (American Commission on 
Stratigraphic Nomenclature. 1961) Assemblage zone boundaries are 
normally identified by visual inspection, but Dirks (1973) used 
Chi-square tests between all vertical contiguous pairs of samples in five 
sites from the Isle of Skye in order to verify the visual boundancs 
High Chi-squarc values correspond to heterogeneity between adjacent 
vertical levels and these coincided well with the visual boundanes 
though some distina heterogeneity also existed within some of the 
zones. 

Computerised numerical techniques have been applied to pollen data 
by Gordon and Dirks (1972) They used an agglomerative (constrained 
singfolink analysts) and two divisive (constrained divisive analysts using 
information content, and constrained divisive analysis using sum of 
squares deviation) procedures Strot^ similanties existed between the 
visual and the computerised zonation schemes, though the numerical 
methods did consistently identify further zones which had not been 
onginally recognised or had been discarded on visual inspection Dirks 
(1974) also applied pnncipal components analysis and a multi 
dimensional scaling technique to Flandnan diagrams All five methods 
showed good internal consistency though only the pnncipal components 
analysis picked out the elm pollen decline as a zone boundary indicator 
Birks sees promise in the methods as a means for identifying and 
deliminng poUen assemblages solely on their contained fossils, eliminat 
mg bias on the part of the investigator 

Gordon and Birks (1974) also used computerised numencal methods 
to compare pollen diagrams Companson of assemblage zones su^ested 
that some might be of regional significance while others were only of 
local significance Comparison of mdividual levels between sequences 
removes the chance of possible error in defining the original zones The 
authors suggest that the methods provide a new way of examining the 
data and that they arc useful aids to the pollen analyst faced with the 
problem of handling and comparing large masses of dau They provide a 
means of dctecung sumlantics between profiles and also aid in the 
delimitation of regional pollen zones 
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Conclusion 

The geographer involved in palaeoecological work must be mter- 
disciplinaiy m approach The great u-ealth of data a\ailable for his 
study and appraisal makes mulm’amte and computer techniques for 
handling the data inaeasingly necessary The data are as yet rclatnci) 
crude and this essay has tried to indicate some of the attempts which 
have been made to improve them Rigorous quantitative studies on the 
present-daj processes and factors which affect oijanisras dunng their 
transfer from the living environment to their ultimate preservation in 
the sediments has been a major concern of pollen analysts and of other 
palaeontologists over the last two decades. Figure 12 3 indicates some 
of the steps and processes relevant m pollen analysis when trying to 
relate the final pollen spectra on the microscope slide to the former 
vegetation and hence the former environmental conditions In 
crcasmgly, stimulus has been provided by studies into other floral 



Figure 12 3 The pftKcw of fcljfing pollen tpeetra to tottrotmenal conJ tions 
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remains, faunal remains, and the chemistry of sediments From all the 
evidence, a much clearer and more detaJed picture of environmental 
conditions in past time is revealed plus evidence for the evolution of 
new environments m terms of populations, sod conditions, climates and 
ecosystems As exploitation of the earth of necessity increases our need 
for know ledge as to the efforts of that exploitation, the palacoccologist 
with his knowledge of changes in past time and their causes should be 
able to contnbute in a predictive role 
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Chapter 13 


Values and Political Geography 

Michael Morgan 


Political geography has arguably the longest pedigree of all branches of 
geography, tracing its descent from Hippocrates and Aristotle, through 
Bodin and Montesquieu to the work of Ratzcl and Maclandcr In the 
early decades of this century the conscious links between geography 
and statecraft were probably stronger than they had ever 
Bowman’s Neto Uor/d and Mackinder’s Democratic Ideals and Reality 
in their different ivays represent hi^ points of confidence Both were 
written m the shadow of the treaty of Versailles Mackinder’s warning 
of the need for politics to overcome the logic of gcopaphy if a fragile 
peace were to be preserved and histone forces contained came a decade 
or so before BoivTnan charted some of the dimensions of the problems of 
the new post-war polmcal realities With the nse of Geopolitics in 
German) under the aegis of Haushofer, the crplicit use of geographical 
arguments to justify polmcal action brought the whole subject into 
disfavour, and if is only recenil) that signs of a renewed interest in the 
relationship between geography and politics have appeared 


lack of interest in political geography 

There are several other reasons for tiie recent neglect of the subject. A 
major factor is the Jack of a strong eoncepruaj or theoretical 
frame^vork, without which the very breadth of the field, the enormous 
number of themes presented by the real ivorld, dissipates effort 
J.eiAwJiiaJ jji’d.fj .bcM reference pcvwfr rhe pcssfb^ity cd creanve 
oppositions centred on basic philosophical or methodological positions 
is at best remote. Important work m areas that ought to be ot concern 
to political geography, especially in soaology and political science, can 
only marginally be incorporated when political geo^phy exists In such 
a formless state 

Another reason is that the positivist tradition ts strongl), if 
unconsaously held Many have beliexed that the process of 
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observation and classification of data and testing, phenomena can, if 
properly approached, be made to yield laws governing soaa] and 
polmcal phenomena and ultimately create the power to predict the 
future course of events Yet, believing this, the gap bctw'cen promise 
and performance is paientl} so vast m the field of political geography 
that most worl^ers have tended to direct their attenuon to other areas 
where the prospect for limited success seems greater Possiblj the most 
important reason for the ne^ect of political geography stems from a 
behef, challenged m this essay, that a value-free discipline is both 
possible and desirable. Leave the poUucs to the political scientists, the 
argument goes, leave the quesaons of value to the metaphj sicians, the 
task of political geography is to provide a body of empirical 
information and evidence, mdependendy of cither value judgement or 
political position. Opmion must be rqcctcd in the pursuit of truth The 
weakness of this posioon is exposed by Vickers (1968) ‘Facts arc 
relevant only by reference to some judgement of value, and judgements 
of value are meaningful only m regard to some conftguraDon of fact.' 
Vickers uses the term ‘apprecutwc system’ to describe the fusion of the 
'reabty system’ and the ‘value system' because in ordinal) usage 
‘appreciation' implies a combined judgement of value and fact. ‘The 
culture m which each one of us grows up u normative tn three 
dimensions — to discnmmation ( this is a that’), in evaluation (‘this 
should be thus'), and m aaion ('in these circumstances this should be 
done*)’ It IS this normative process that is the appreciative system, and 
Its effectiveness is measured by the fact that ‘m a soaeial context the 
individual who at birth is vutuall} sealed to information, within 
twenty years possesses a set of readinesses for action appropriate to 
most varied situations and possesses a vanet)' of interests and 
commitments if not without conflict at least without allowing them 
completely to fniscrate each other * 

Belief m the value-free approach implies that one does not at any 
pomt explicitly cnucise the goals, the values and the consensus building 
procedures of any soaety, Aough some of the most fundamental and 
obdurate problems of evolving soaety concern the nature of the goals 
that have to beset m the hiture.and at the very lowest level, the notion 
of a goal implies an evaluative appraisaL The conventional view of the 
‘objective’ school is that the igection of a value-free approach would 
mean that the social saences would be divided into as many ideologies 
as there are sets of personal values. Many might feel, however, that this 
particular prospect is less disturbing than that posed by the un- 
challenged contmuation of many of the present technologic^ and 
msututiona! procescs. What m any case could prevent a situation of 
mtellectual anarchy would be approprute conceptual frameworks, and 
were these to be available in pineal gei^rapby it would allow the 
subject to accept rcvmfyu^ transfusions from other disaplmes. 
Naturally all of the conceptual frameworks that offer themsehes have 
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different charactcrwncs that reflect the particular appreciame systems 
of their exponents We now consider some of the possible frameworks 
of which the political geographer ought at least to be aware, dealing 
first with examples of what MadCenzie (1967) calls ‘overarching 
theory’, attempts to build comprehensive, all-cmbracmg s> stems of 
explanation that can accommodate most of our soaai and political 
experience 


Conceptual frameworks — 'overarching theories’ 

Possibly the two most mfluential contributions to social and pobocal 
theory in the past two generations have been made b) David Easton 
(1967) and by Talcott Parsons (1956, 1959, 1960, 1963) Each has 
wntten authontatwc hut m places obscure works contaming dense 
passages that seem unmteHigiblc without reference to the overall 
pattern, and each u massivclj and almost exclusively onentated to 
theory with almost no empin^ roaierial One necessarily relies on the 
work of close collaborators to provide an exegesis It would be absurd 
to attempt even the sketchiest outline of their respective contributions 
m an essay of this length, but a comment on pam that arc particularly 
relevant to polmcal geography may be helpful 

Easton 

The Easton model of the political ^lem draws on work m economics 
on ‘exchange’ modeb those who are in political power arc treated as 
producers and their followers as consumers, votes are analogous to 
money, and the legislanve perfomunce of the executive branch is 
treated as output The bare outlines of the model arc represented m 
Figure 13 1 and it should be evident that there are many elements m 
the processes and relationships withm the model that come within the 
mtercst of a broadly based political geography The mput takes the 
form of four types of demands The authonacs make allocations 
between competmg demands and continue to do so as long as they 
receive support Supporting attitudes may be classed as (a) support for 
the concept of a political community , (b> support for the regime, (the 
two attitudes not necessanJy co^aiying positively), and (c) support for 
the authonties Lack of support for the authonties may centre on their 
failure as gatekeepers in the area of demand articulation An ov erload m 
this area can lead to a breakdown in the system The more sophisticated 
societies develop systems of polmcal differcntation and the prolifer 
ation of o^anrsed groups increases the ability of the sysrcm to handle 
overload 'Rising expectations’ in a less flexible or less complex piolitical 
system, combined with gateways that remain too small for the demand 
can lead to the output of the system fallmg well short of the demand 
and a revolutionary situation is then more probable The essence of the 
Eanon model ts that it regards the political system as open and 




F gure 13 1 A dynun e response modd of a polit cal syste 
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adaptive Change and stability are affected b) feedback mechanisms 
The more sensitive they arc the more rapid and perhaps subtle the 
response 

It must be admitted that the performance of systems analysis in the 
social sciences as a whole has fallen somewhat short of its carl) 
promise. It has proved very difficult to make it operational Establish 
mg the precise nature and relationship of the links between different 
parts of a system has always presented formidable problems in pracnce 
Some progress has been made in this direction, particularly since the 
pionccnng work by Deutsch (1964) who used transaction flow analysis 
m his studies of possible ways of measuring the strengths of links within 
and between communities as mdicators of their level of integration, or 
their capacity to develop integration in the future {see, for example, 
Soja (1968)) Yet there is a sense m wdiich transaction flow analysis, 
despite Its quantitative basis, is too blunt a tool m that the phenomena 
It studies are themselves the result of complex mteractions within the 
system The actual transactions may conceal as much as they reveal 

Concern with the problems of the inner city and with the access of 
the poorest to community resources has drawn attention to the role of 
the 'gate keepers’ in local and national agencies of government who, to 
a degree, control access to these resources, and who, though m 
dmdually not very powerful, may as a group pla> an important role in 
the system as a whole The 'gatekeeping* role links closely with the 
Easton model in the area of demand articulation Morgan and 
Kirkpatrick (1972) have brought together a number of studies showing 
the relevance and value of the systems approach m the whole area of 
urban political analysis, and the total weight of evidence from all 
sources suggests that for political geographers the sj stems approach is 
one that still offers some promise at a variety of levels 

Punons 

Parsons is the leading exponent of the structural funcnonalist approach 
A function m this sense means ‘an activity performed by a structure 
which maintains a system of which it is a part’ (Jones, 1967) The 
essence of functionalism is the system maintaining activity and the 
functional approach allows widely diffcnng societies to be ana])sed 
because it emphasises their basic functional characteristics which m 
turn, It 1 $ argued, arc reflected in deep^ated relatively permanent 
structural chanctenstics. A social sj'stem has four functional pre- 
requisites for existence and for maintaining a state of approximate 
cqmlibnum First, it must maintain its own continuity TTiis role of 
Pattern Maintenance, the Latency function, is performed in most 
IVcstem societies by the family and the household, which support new 
memben of the society and pass on the cultural norms Second, soaetj 
must Adapt to changing conditions both in the physical and the human 
environment. The main Adapm e subsystem is the economy, reinforced 
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by distinctive and often separate sacntific and technological sub- 
systems as a society becomes more sophisticated materially Third, 
society must Integrate its different elements and it docs this mainly 
within Its cultural subsystem through education, ait, religion 
philosophy, etc Fourth, it must, through the pobty, or more narrowly 
the government, aim at Goal Attainment It is the responsibility of 
government to steer the community towards communtty-set goals 
Obviously none of these subsystems exists independently of the others 
each of the subsj stems involves the entire community whose members 
appear simultaneous!) m each subsystem in a variety of roles, and who 
are linked with each other by complex relationships The relationships 
between the subsj’stems arc made explicit by transactions of vanous 
kinds. The paradigm, Figure 13 2, happens to be of great value in 
drawing attention to relationships that are, or arguably should be, of 
mtercst in political geography The A— G axis relates to questions about 
the extent to which goals and strategies of government are affected by 
the nature of the economy and vice versa This axis relates to the limits 
on government action imposed by the extent of natural resources and 
also to the nature of resource mobilisation procedures The I-G axis 
embraces questions about how collective group interests, overt and 
latent, limit the strategies and influence the decisions of governments 
and their agencies The L-G interactions come within the general field 
of legitunation and relate to the regularities of individual and 
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govcminenr behaviour in the fieJd of elections, taxaoon, legislation and 
so on 

The basic paradigm has received curiously little attention from 
geographers In the political science field, contribunons by Lipset and 
Rokfcan (1967), and Rokkan (1970) deserve wider circulation because 
they promise a valuable methodological msighL They arc concerned to 
build a conceptual model of the dynamics of the nation building 
process — one that will identify and relate in a meaningful sequence the 
stages m the evoluoon of a nation-state The process of naoon building 
historically involves each of the functional subsj stems reacting with 
each other, and depending on which particular subs) stem is of interest, 
the remaining three subsystems arc seen in terms of the one selected 
Lipset and Rokkan concentrate on the I quadrant, the integrative 
subsystem, the one concerned with ideological matters, with com- 
munities rather than mdividuals This is an appropriate one in the 
arcumstances because in all cases the nation buUdmg process has been 
activated and maintained by a vanety of internal opposiQons many of 
which have ultimately strong ideoiogtca) or cultural bases The 
Upset Rokkan model is a simple three-suge one (Figure 13 3) In stage 
one the interaction and tension take the form of thrusts from the 
centre towards the periphery The effect of these thrusts is generall) to 
increase resistance and to raise powerful issues of cultural idenii^ m 
the periphery, for example, where the centre pursues policies of religion 
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or language %shich antagonise or threaten the pcnphet> In the 
paradigm this is represented bj an intensification of strain between the 
GL and GI subs>’steins It often happens that the GA strams are also 
increased at this stage, for example where the thrusts from the centre 
are fiscal or economic m character, and where an eihmc or cultural 
minority m the penphery may argue that its local resources are cither 
being neglected or arc bemg exploited for the benefit of odicrs In stage 
two locdised oppositions to the influence and policies of the centre 
produce a variety of defensue alliances across the entire penphery At 
this stage, the L— 1 inieracQons are high and in some cases consolidation 
oC mterests p\t ewe temtemUy based growp agaiwst itvothet At dus 
stage, a determined strategy from the centre could successful!) pursue a 
policy of divide and rule, at least for a while In stage three, however, 
alliances formed in the I subtystem will develop the strength to enable 
them to enter the G subsj'stem. to achieve representaaon of their 
interests in the polity as a whole, and thereby gam some measure of 
control, not only over the allocaoon of national resources (GA 
interchanges intensify) but also over flows of leginmaoon (L-G 
interchanges) leading perhaps to franchise reforms (c g the recent 
eleetotal reforms m Nonhem Ireland) 

In this evolving process there are always strains and tensions, 
conflicting relationships both resolved and unresolved between all or 
most of the subsystems At any tune the locus of the relationships 
between any two subsynems can be placed within the model by the 
notion of transforming it into some ^anal coordinates along an axis 
linkmg the two subsystems At the present tunc the rransfonoation has 
to be intuinve and quabtaove but in due course it may be possible to 
evolve a more quantitativ'C approadi The A— I ixis on the whole 
represents a ‘funciionai dimension’, oppositions here relating to 
funcuonal oppositions, for examples workers-v-emplojers, landlorosv- 
tenants in the A quadranr, Protestants-v Jews for example in the I 
quadrant If it were a case of oppositions between Jewish emplojers 
and Protestant workers the locus of that particular relationship would 
be near the middle of the A— I axis The G— L axis, on the other hand 
represents a tcmtonal dimension, which may or may nor be remforced 
by functional oppositions The G— L axis reflects the centre penphery 
rdationship A situation where there is a very strong centre and a weak 
periphery (c g. France after the Revolution) would be ceptesented by a 
point near the G end of the G— L axis As the penphery becomes 
mobilised as distmctive and remote areas become politicaUy active and 
effective in their relationship with the centre, the locus of the 
opposition moves towards the Lend of iheG— L axis Areal oppositions 
usually have either an ideological or an economic basis so it is often the 
case that territorial oppositions are located on one side or the other of 
the G— L axis. All oppositions in fact can be located with respect to 
these two axes Clearly the tcmtonal dimension is of particular 
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interest in political geography and the use of this paradigm uould do a 
great deal to provide a framework to draw together some of the studies 
of political modernisation that have been undertaken, eg Gould 
(1969), and Weinstein (1966), and to indicate new ways of looking at 
familiiT relationships 

The Lipset— Rokkan model is also interesting in that within a 
funcoonahst framework it deals specifically with conflict and change, 
suggcstmg that the Parsonian framework need not be associated wholly 
with consensus rather than conflict, nor with equilibnum rather than 
change, as some of its critics have charged 

Marx 

The most distinguished of the soao-political theorists is of course Mar\, 
whose work has until recently been largely ignored by geographers and 
especially by political geographers Harvey's Social Jutttce and the City 
is a notable and welcome c-veepaon, and makes quite specific the linl^ 
between social processes and spatial form m the city The pertinence of 
a Marxist analysis is discussed at length in relation to our interpretation 
of conicmporaxy urban problems ‘The only method capable of uniting 
disciplines m such a fashion that they can grapple with issues such as 
wbanisation, economic development and the environment, is that 
founded in a properly consacuted version of dialectical materialism as it 
operates within a structured totality in the sense that Marx conceived 
It' (Harvey, 1973, p 302) It remains for a single full-scale dulectical 
analysis by a geographer to be undertaken, but the ground has already 
been prepared by Harvey Marx of course has been regarded, not wholly 
accurately, as the principal proponent of the conflict model of society, 
and Parsons as the leader of the consensus school Certainly, to Marx, 
society was not preeminently a smoothly functioning system of order 
Its dominant diaractcnstic is continuous change, not only change of its 
elements but of its very structural form Conflicts arc not random, they 
are a systematic product of the structure of society On this basis, there 
u no order except in the incvitabdity of change, or, m hianc’s words, 
‘without conflict, no progress* For Marx the key to understanding 
structure and conflict in any soacty at any period faj m the mode of 
production. Everything else — for example, values, insatutions and 
sj-stems of belief — arises basically from the mode of production 
Structural change is effected as one class acquires power at the expense 
of soetker sod tko ofCdo of psodveao/t Fvfjker ehojigo xoay 

be prevented for a period but only by coercion, and conflict and 
tension are endemic, relieved only by violent upheaval at intervals when 
one class succeeds in ov erthrovnt^ another 

Dabrendorf 

Dahrendorf (1959, 1964, 1967) occupies a middle position m the 
consensus— conflict spectrum, cntieal of both Parsons and Marx He 



296 Processes in Physical and Human Geography 

ennascs Parsons because his system cannot account for change, and 
Marx for Imvmng the resolution of dass conflict to violent upheaval 
Both these models imply an cssennaUy static view of social structures 
Both Parsons and Maix freeze the flow of the hmoncai process m die 
idea of the system’ Dahrendorf also rqccts what he calls the 
‘philosophical elements of Marx’s theory of class’, the Marxist 
metaphysics. ‘Propositions such as that capi^ist soaety is the last class 
society of history can be disputed and denied but they cannot be 
refuted with the tools of sacncc ’ Marx’s theory of class Dahrendorf 
describes as ‘a theory of structural change by revolutions based on 
conflicts betiscen antagonisoc mtacst groups’ The genuinely liberal 
soaety is one that creates institutions to reflect and rationally regulate 
conflia, rather than abolish tt at source and impose a consensus 'The 
raDonahty of the liberal atutude to conflict comes ultimately from the 
fact that it alone does jusnee to the crcaoviTy of social antagonisms as 
motive forces of change.’ Dahrendorf proposed a non Marxist model 
based on the following proposioons 

1 every soaety js subject at every moment to change, soaal change 

is ubiquitous 

2 every soaety expenences at every moment soaal conflict, soaal 
conflict IS ubiquitous 

3 every element m soaety contributes to its change, 

4 every soaety tests on the constraint of some of its membets by 
others. 

This framework of conflict theory will allow the soaal scientist to 
‘daive social conflicts from stcuctorai arrangements andthus show these 
conflicts to be systemaucally generated It will allow us to answer such 
questions as How do conflicting groups arise from the structure of 
soaety^ what forms can the conflict amongst such groups assume and 
how does the conflict effect a change in the soaal structure’ Recently, 
the concept of stiucturil violence has been gaming ground m some 
quarters. It has been pointed out that if one adds up the number of 
man years lost in the developing countries through high and preventable 
levels of malnutrition, infant mortality and disease since 1945, these far 
exceed those losses from death and mpiry during violent conflicts and 
rebellions during the same penod Overt conflict has claimed fewer 
victims than the more diffuse and insidious impact of structural 
violence, caused by the failure of insntunons Radicals see structural 
violence as a nme-borab with a long fuse, pruned with education and 
exposure to the media, awainng only the spark of ideology to turn it 
into open tcbeUion. This reflects a view put forward by the nineteenth 
century historian and revolutionary, Alexander Herzen, and quoted by 
G Piel (1964), who wrote, 'In order to develop it is necessary that 
thmgs should be much better for some and much worse for others, then 
those who are better off can devdop at the crpense of the others’ This 
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Situation, called by Piel 'coercive dcpnvation' is effectively structural 
violence m contemporary terms ‘So long as the educated minority, 
living off all previous generations, hardly guessed vvh> life was so easy 
to live, so long as the majority working day and night did not quite 
realise why they received none of the fruits of their labour, both parties 
could believe this to be the natural order of things. People often take 
prqudice or habit for truth and, ui that case, feel no discomfort, but if 
they once realise their truth is nonsense the game is up From then 
onwards it is only by force that a man can be compelled to do what he 
considers to be absurd,’ 


Oinceptual frameworks and partial models 

Apart from the grand theorists, there arc, as there have always been, 
many analysts ot the contemporary stniauon who are concerned cither 
with identifying causes of present discontenis or with drawing atiention 
to the need for change m particular directions to avoid what are 
regarded as otherwise mevitaWc and undesirable consequences of 
present trends In the luturc of things these writings proliferate Yet 
some are clearly very influenoal Jn a complc-t siruanon some analyses 
strike one as mtuiQvely reasonable, and they can serve as a pomt of 
reference, a touchstone of personal relevance, they can draw together 
disparate strands or help to put a hard outlme around once formless 
concepts Many of the conmbutions are partial, more mtuiove with 
weaker conceptual or methodological supports, but arc none*the^ess 
approaches that repay attention if not loyalty, in that to a degree they 
may help us broaden, modify or at least rc-^valuatc our academic 
interests and goals. The sdecaon of such matenal that follows is a 
personal one and represents some of the viewpoints and ideas that ment 
discussion, at least when considering the sort of directions in which 
work m political geography might move In no sense is the selection 
designed to point in any particular direction, if anything serving to 
encourage the belief that there is as yet no orthodoxy 

Illich 

Of ah the analysts of the contemporary condition, llJjch (1971a, 
1971b, 1973, 1974) is possibly the most readable, the most radical and 
arguably the one whose ideas most invite a constructive response from 
geographers. In Desebooling Society Illieh aigues that nch counmes are 
developing an educational s>stem they can barely afford and wbich can 
never be afforded by the poor countries Schooling scr\ es to perpetuate 
and control a mentocratic hierarchy w-hich, whether m advanced or 
developing counmes, reinforces the assumptions of an acquisitive and 
growthonented socict> The changes m cducauon over the century arc 
paralleled by changes m other institutions, all of which have shifted 
from the lett to the right of the institutional spectrum. The effect of 
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this diifi has been that tJvcr time nearly all instirutioTis have developed 
effects contrary to their original purposes, passing over some cnacal 
watershed from the point where they arc soli benign, self limiting and 
‘convmal’ to the point where they are scIf-enlarging and ‘manipulative’ 
This theme of mstituuonal shift is central to all of lllich’s wnung and 
his arguments, always couched in brilliant aphoristic style, regularly 
come to rest on the need for a diift from the manipulative to the 
convivial end of the insntutiorul spectrum ‘Fundamental social change 
must b^in with a change of consciousness about insotunons.’ 

The politics of the future roust be pnmanly concerned not with 
allocating and maximising the means of producoon but with the ‘design 
criteria for tools’ that tvoU allow a more convivial soacty He lists six 
different %vays m which our present tools frustrate this aim ‘Over 
growth’ leads to biological degradation of the envaonment and brings 
the possibibty of severe ecological damage Overgrowth also creates 
‘radical monopoly i e. monopoly of a prt^uct by a firm but also of a 
service or an activity by an mstiiution Thus, ‘motonsed vehicles create 
new distances which they alone can shrink They create them for all but 
they can shrink them only for a few Wherever the transportatioti 
mdustry has accelerated passengers beyond a certain cnocal speed, it 
has become a social excavator which bMsts a few people far above the 
pit It digs for society ' So too schools monopolise learning by 
insntunowising it as a commodity, educaoon 

Lmked with radical monopoly is ‘over-programming*, a growing 
dependence on speaalist expertise acquired by expensive trainmg and 
this creates ‘knowledge capitalists’ and a competitive market m 
educational commodities. This structure is maintained by professional 
restrictions and controls which m turn stultify self help of all kinds 
‘Ovcrprogramming’ brings ‘polarisation’, the growing sense of helpless- 
ness and deprivation of the individual m a world dominated by large 
scale institutions, and a widening of the gulf between those who control 
power m soacty and the rest. 

AU this generates a pace of change and obsolescence that deprives 
people of the 'nght to tradition’ The sixth feature is ‘frustration’, 
ansmg from the conflict between what people value and what they 
actually expcnence Examples of this are education systems that create 
drop-outs, welfare systems that create poverty, medi^ systems that 
create lUness, and transport systems that reduce equity and restrict 
personal mobibty and mcrease tunc scaraty lUich's aipiments lead m 
the direction of new msDtutions, smaller m scale, of a size where they 
tend to be self limiting and a reversal of many of the processes of the 
past two hundred years. For the devdoping countries, the need is not 
to attempt the impossible task of trying to recreate the same social and 
economic processes that have so s^naliy failed the advanced countries, 
but rather to work towards institutioiul change that never crosses the 
critical watershed that separates the bciugn from the malignant ‘To 
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expand life beyond the radms of tradition and jet not hook in on 
accelerating diffusion, is a goal uhich any poor nation could achieve 
within a few years But it is an achievement that mil be reserved to 
those who reje« industrial development guided by the ideology of 
mdefinite energy growth ’ 

Galbraith 

In a number of provocative and original books K L, Galbraith has 
progressively evolved a model of the charactcnstjcs of the American 
society and economy, which while by no means commanding unnersal 
endorsement has contributed significantly to current thinking about the 
goals to which the system is, or should be, leading, and which in some 
senses echoes lUich’s analysis In Economics and the Public Purpose 
(1974), Galbraith argues that the present mwed economy m the United 
States is divided into two very different sub-systems The Planning 
system is the sector of the economy dominated by the 1000 top firms 
and in this sector corporate planning dominates the industnal structure, 
controls increasingly the b^aviour of its customers and manipulates 
the government The Market system on the other hand is made up m 
the Umted States of some twelve million marked onentated entre- 
preneurs who supply about half of the output of the private sector 
Members of the market system are individually vulnerable and in times 
of crisis It is they who suffer, while the large corporations can survive, 
even prosper, because of their very large resources The large corpor- 
ations develop aims which arc often contrary to those wished Tor by the 
community as a whole The ends of the planning system are not those 
of society, rather are socictj s ends perverted mto those of the 
planning system This per\er$ion is effected subtly Iw the advertising 
profession and the educational sj^tem, and is made easier by the 
collection of ‘convenient social virtues’ which the individual is 
encouraged to embrace as unquestioned beliefs, such as the ‘work ethic’ 
and ‘competition’ 

Vickers 

Vickers’ (1968) analysis of the present condition again has some 
familiar dimensions 'Our present state,’ he writes, 'is the last stage in 
free fall, the fall from the agnculniral to the industrial epoch, from a 
natural into a man made world and so into an increasingly political 
Wtirld a world so unpredictable that it demands to be regulated 
nationally and intcmaDonally by political decisions of increasing scope 
the world as an ecological niche r filling up as nc\er before and 
brings demands for political innovation and cultural change, both 
threatening ’ and it seems obvious that the changes required will be 
far greater than spontaneous adjustment wall allow ‘The mere existence 
of policj making attests to the will to impose on the flux of events 
some form other than that which the interplay of forces wxiuld give it ‘ 
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The knowledge and power that has been gamed over the past two 
hundred years has had the paradoxical result of mcreasmg our ability to 
predict and control whilst making the world as a whole mcreasingly 
unpredictable and uncontrollable This arises m Vickers’ view because 
we have used technologies to alter the course of events so that the outer 
worlds b^an to change m form and complexity at a rate far faster than 
the power of our control systems ‘None the less m the face of 
incontrovertible evidence to the contrary, the belief still persists that 
mcteased power to alter the environment brings mcreased control over 
it ’ This behef is a manifest delusion. The present situation shows the 
effect on soaenes of knowmg a great deal about energy and matter but 
very little about informaaon and even less about meaning Whether 
information really informs and, if so, what meanmg it conveys, depends 
on how the participants in the mformation process arc organised within 
the network m which it is used and how their organisation develops by 
pamcipauon in the network 

Vickers is concerned with the problems of exercismg control oitt 
complex societies in a situation of conflicting value systems and of 
’multi-valucd choice’, and suggests that ‘apprcciaaon’ is a form of 
behaviour that merits study in its oivn right la other words, that much 
more attention needs to be paid to the cature of the ‘appreciative 
system’, to the mechanism whereby ‘multi-vaJued choice’ is made This 
m turn involves a gceatec research effott in the psycho-social sciences 

Sktnner 

6 F Skinner is possibly the leading behavioural psychologist and in 
Beyond Freedom and Dignify (1973) he argues the case for scientific 
control of human behaviour in order to achieve a betterment of the 
genera] social and physical cnvtronmenL Major world social problems 
such as disease, famine, over population and war can only successfully 
be tackled by a consaous appheanon of a 'technology of behaviour’ 
“We could solve our problems quickly enough if we could adjust the 
growth of the world’s population as precisely as we adjust the course of 
a space ship, or improve agnculcure and industry with some of the 
confidence with which we accelerate high-energy particles, or move 
towards a peaceful world with something like the steady progress with 
which physics has approached absolute zero (even thou^ both 
presumably remain out of reach) ’ The interrelationships between 
environment and behaviour remain obscure *We can see what organisms 
do to the world around them, as they take from it what they need and 
ward off its dangCTs, but if is much harder to sec what the world does 
to them.’ It IS now possible to argue that we must take mio account 
what the envuomnent docs to an organism not only before but after it 
responds, behaviour is shaped and maintained by its consequences. 
Behaviour which operates on the environment, altering it to produce 
consequences, is called ‘operant’ bduviour and Skinner believes that a 
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technology of operant behaviour which is already kcH advanced may be 
the answer to some of the more noting social and economic problems 
Once appropriate goals have been set (leaving aside the difficult 
problem of who actually defines the goals) appropriate techniques 
could be devised to reinforce and reward behaviour that leads to the 
desired goals By these means, with less loss of freedom or dignity than 
at present, the purposes of society could be harnessed to achieve 
common goals. 

N Chomsky (1975) discusses the problem of relanonships between 
government and society and provides a very powerful entique of 
Skinner’s approach 

Afoore 

In Repeettom on the Causes of Human AUsery, J Bamngton Moore 
Jnr begins with the fact that Ac lot of mankind as a whole has not 
noticeably improved and argues that the reasons for this arc as they 
have always been, hunger, disease, war and economic and social 
repression and resffictions on mtdlcctua) freedom In common sense 
terms, political action should be directed to improving the Jot of 
mankind, yet any study of the sources of our present condition makes 
it abundantly clear that the obstacles to unprovement arc far more 
subtle, complex and difficult than most strategics allow, from whatever 
ideological posiQon they are put forward Political conflict, the source 
of so much misery, directly or indirectly has two origins First, there is 
the logic of a complex organised system made up of distinct 
sub^stems that must compete m order to survive This logic is based 
not on an instinctual biological drive but on competitiveness and 
insecurity, and u both a cause and an effect of power drives found 
amongst Elites everywhere It operates at vanous levels, within a state 
and litween states, though in an mtemauona) context the regulatory 
mechanisms are more amorphous and less easily enforced The second 
souce of conflict is ‘principled', budt into the very dynamism of a 
society in time. As generations succeed each other, there mevitabl> 
arises conflict between those who wish to preset e the csraWished order 
and those who wish to change it, knowing that even the most 
established orders were themselves relainely recent creations Moore 
has little regard for the ‘sangumaiy chic* of the intellectual and 
academic elites who call for insurrection from the sheltered and secure 
groves of Academe, because they have failed to appreciate the strength 
and obstinacy of the social groups that stand m the way of reduemg 
misery He is also sceptical about the regeneration that can emerge from 
schemes to dc-industnalise the advanced countries, again because of the 
unimagmabl> vast mstitutional shifts that such would demand 
The role of the academic as Moore sees it is not to preach revolution 
but to 'use his skills to draw up a balance sheet involving the likely 
obstacles and costs m human suffering entailed in any proposal for 
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reform’ To do this successftiUy we need to know far more than we do 
at present about the nature of soaety ‘The men of action and 
conviction have failed enough of late to warrant revcning a famous 
apophthegm of Marx — philosophers have tried to change the world 
now IS the time to understand it ’ 


Lessons and directions for political geography 

From this limited selection of some recent writings about the present 
condition and future prospects of society, it will be apparent that 
certam underlying motifs occur in various forms The notion of a 
system with normative regularities of some kind or another is at least 
implicit m all The notion of stress within the system, of basic 
difficulties in the waj the system adjusts to stress, the notion of 
conflict at various levels, and the need for institutional changes to 
minimise the areas of stress, most of these are present in all the wntmgs 
ated 

Sonologists have numtaincd a long and on the whole constiuctwe 
debate over which paradigm is most appioprute to the study of soaety 
and soaal problems, the order (consensus) model or the conflict model 
Broadly, the order models are system based models, analysing structural 
regularities and the within-tystem processes that tnaimam a balance m 
the system as a whole with or without changes in the s>'stem's 
characteristics. Conflict models concentrate on me struggle between 
groups in soaety holding opposing goals and values Stability in die 
contemporary siiuaQon would be seen from this perspective as only the 
temporary result of the coeraon of one group by another The conflict 
model tnviics a questioning of the legitimacy of existing practices and 
values, the order model tends lo accept these as standards of normality' 
and yardsticks by which the regulatory mechanisms are determined 

The intensity of the debate within sociology' has diminished because 
it has been seen m so many cases to consist of the demolition of straw 
men. None of the exponents of the ongmal models has ever claimed 
that any actual soaety has ever been one wholly of consensus and 
stability, or wholly of change and conflict. Order theories contain a 
great deal of conflia, and conflia theories a great deal of order ‘Our 
real task,’ writes R. W Wilhains Jnr (1966), *is to build workable 
models depict social systems m which both conflict and consensus 
are continuous processes m differentiated structures actual 
soaetics arc held together by consensus^ by mterdependence, by 
soaability and by coeraon, this has always been the case and there is 
no reason to expect it to be otherwise in the future ’ 

If poliQcal geographers are stimulated to contribute more actively to 
the analysts of contemporary social and political processes, it seems 
desirable that they should do so without r^mdlmg the dead embers of 
past controversies m other disaplincs. That is not of course to argue 
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that 3 consensus is likely as h» what paradigm is appropnatc, since it is 
apparent that there is no general agreement on what is an appropriate 
paradigm to the understanding and analysis of society, nor on what 
constitutes an appropnatc methodologj ^Vhcre a subject is at the 
beginning of another stage of development, as political geography is at 
the present time, it often happens that the scattered contnbutions 
cover so broad a field, or are so idio^cratic in character that the total 
seems frequently to be less than the sum of the parts This points to the 
advantage of working within a broad conceptual frame\sork and it has 
been partly the purpose of this essay to suggest several such frameworks 
that seem to be worth investigating in greater depth It follows that in 
our selection of themes and choice of methodology none of us should 
press our point of view to the extreme where it makes a dialogue 
impossible, or deprives us of a cntical appraisal of our tvork from the 
academic community at large On the o^er hand, perhaps ii-e could be 
more adventurous in the range of themes we judge it appropnatc or 
prudent to investigate At this stage it seems mevitable that any 
contribution in the area of political geography is likely to be a fairly 
modest one with strictly limited objectives \Vhat is important is that 
such contributions should not be inhibited unnecessarily as a result of a 
desire to work in a value free context It matters not that the work 
should be vilue*free, but that the values should as far as possible be 
expLcitly stated 
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Chapter 14 


The Reformation of Local 
Government in England 

Michael Chisholm 


Thorough reform of local government has been an cpjsodic affair The 
groundwork for the modem system was laid with the passage of Acts m 
1834 and 1835, concerned respectively with the Poor Law and 
muniapal corporations At that time, a tnpanite system operated, 
consisting of counties, hundreds and parishes, with the boroughs m a 
special and privileged position Thereafter, various ai hoc bodies were 
established to provide specific services or facilities, e g sanitation and 
highways, while some poww \vere transferred upwards through the 
local government hierarchy By the 1880s, the situation cned out for 
reform, an objective that ivas first achieved for the counties by an Act 
m 1888, followed six years later by another to rauonalisc the lower tier 
authonties within the provincial counties (Lipman, 1949), and by the 
establishment of London’s metropolitan boroughs in 1 899 
The system established in 1894 survived with only minor modifiea 
tions until 1974, except for the creation of the Greater London Council 
which became fully functional m 1965 (Lipman, 1949, Stanjer, 1967, 
Royal Commission, 1969, Redcliffe-Maud and Wood, 1974) The 1972 
Local Government Act applied to both England and Wales, with full 
effect as from 1st April 1974 Ulster expcnenccd a separate rcorgants 
ation m 1973, while the picture was completed when the new Scottish 
councils, elected in 1974, took over in 1975 Beuscen 1894 and the 
early 1970s, the number of authorities m England and Wales initially 
increased to a maximum around 1921 but the more recent tendency 
has been m the opposite direcuon (Table 14 1), consummated in 1974 
by the drop from about 1400 to onl> 455 authorities rurthcrmorc, 
whereas there were formerlj' four types of authonty other than the 
counties, each class with its own powers, now the counties arc dnided 
only into districts, all of which are of equal status (though districts m 
the Metropolitan and non'MetropoIitan counties wiihm England differ 
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le Greacer London Council became fully «${abltshed in 1965 
Stanyer(1967;.p 106 

Department of the Environment and Welsh Office (Wl) 
LGBC (1972) 

Local Government Act 1972, H M S 0 
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m their powers, and there arc also differences be^^%•een English and 
Welsh districts) 

Given the infrequency of radical reform, it seems likely that the 
present system will last for many decades substantiall> m its present 
form, though the Local Government Boundary Commission for 
England (L G B C ) has been established as a permanent part of the 
system, charged to make a periodic thorough review of boundaries as 
well as to ensure that smaller but urgent changes arc effected 
Discussion of local government organisation ought simultaneously to 
take account of various pairs of considerations 

Eft*c •nev m prov CflJ eitpnt of 

ett f M 
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At the time of writing, it is impossible to make a reasoned assessment 
of how 'successful’ the new system wiU be, panly because no cntcria of 
success have been adumbrated or have emerged as generally agreed in 
public discussion, and partly because it will take the neiv system several 
years to settle down Nevertheless, there are several topics on which it is 
presently valid to comment, bemg enduring features of the new system 
and relevant to its success Two in particular deserve comment, namely 
the place of the cityecgion concept, and the extent to uhich the new 
system has tended to equalise the resources of local authontics, both m 
absolute and per caput terms However, before proceeding to these wo 
issues, something must be said about the 1972 Act 


The 1972 Local Government Act 

In the imual reorganisation, London and its constituent boroughs were 
left undisturbed Thus, although London is henceforth subject to 
boundary review by rhe LG B C, \vc may justifiably leave the Greater 
London Council aside and concentrate on the application of the Act to 
the rest of England, where the previous system, based on Counties, 
County Boroughs, Municipal Boroughs. Urban Districts and Rural 
Districts has been replaced by two forms of nvo-ticr system Six 
Metropolitan Counties have bw estabhshed, based on the conur* 
bations of Birmingham, Merseyside, Manchester, Leeds— Bradford, 
Sheffield— Doncaster and Tyneside each of these counties is divided 
into a limited number of powerful dtstnets Elseishcre in England, 39 
counties exist which also comprise second tier districts, but these 
districts have fewer powers than thar Metropolitan counterparts (see 
Table 14 2) In both the Metropolitan and non-Metropolitan counties. 
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TABLE 14 2 

Summary of the mam functions of tbe nev authortites tn England 
(London exduded) 


County Councils (outside 
tbe Metropolitan 
counties) and 

Metropolitan D«fri« 

Councils All County Couneds 

All District Councils 

Educaaon 

Housing (reserve powers) 

Housing 

Youth employment 

Town development 

Town development 

Personal social services 

(eoncurrent powers) 

{concurrent powers) 

Libranes 

Planning — strategic, plus Planning— local plus 


concurrent posvers on 

concurrent powers on 


development control 

development control 


Transport — main 

Transport — some concurrent 


responsibibty 

powers 


Animal diseases 

Environmental health other 


Police 



Fire 



Source Deparimenr of the Environment (1972) 


the parishes have been retained as the lowest tier and m suitable cases 
some new parishes have been aeated, but this has been done mamly 
outside the conurbations 

Initially, tvvo features of the new system must be noted First, the 
Metropolitan counties have been created wth boundaries limited to the 
urbanised areas, as interpreted ui a fairly restrictive manner Indeed, 
especially m Qicshirc, substantial commuter suburbs have been 
excluded from the adjacent Metropolitan counties, and provision has 
certainly not been made for these new Metropolitan counties to control 
the niri areas that surround them In the second place, the pre-existin£ 
county system has been retained to a considerable degree, many 
counties remaining intact or being modified only in sm^l measure 
Others have been formed by amalganution 


Sew County 
Cambridgeshire 

Cumbna 

Hereford and Worcester 

Leice sters hu-e 

Lincolnshire 

North Yorkshire 

Suffolk 


Compmntg old counties 
Cambndgeshire and Isle of Ely 
Huntingdon and Peterborough 
CumberUnd, Westmorland, Furness 
area of Lancashire 
Herefordshire, Worcestershire 
LeicestcRhirc, Rutland 
Holland, Kesteven, Lmdsey 
North Ridmg, West Riding 
East Suffolk, West Suffolk 
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In addition, the counties of Avon, Qcv eland and Humbcnide arc 
entirely new creations, carved out of Acir neighbours 

At the county level, therefore, the changes have been comparamelj 
modest, the most important innovation probabiy being the adminis 
trativc recognition of the six conurbaoons However, wnthm the 
counties the reorganisation has been much more drastic, 953 authontics 
have been replaced by 296 new districts (LGBC, 1972) 22 other 
authorities have also disappeared, having been split between Metro- 
politan and non-MctropoIitan counties 

Whereas the extent of the counties and also of the districts within 
the Metropolitan counties was laid down ai the Act, the task of making 
proposals for the districts in the non-Metropohtan counties of England 
was left for the L.G B C , who recommended the formation of the 296 
that now grace the map For this task, the Commission was given fairl> 
comprehensive guidelines. The preferred population was in the range of 
75 000 to 100 000 and only in very exceptional circumstances were 
new districts to have a population of less than 40 000 Regard was to be 
had for local wishes, the effectiveness of local govemmenr, etc The 
buildmg blocks were to be whole old distncis, only exceptionally 
should an old district be dmded Finally, the identity of Urge towns 
was to be maintained, lc. towais of a^ut 100 000 population and 
Upwards were not to be dmded for re*al!ocation, nor were they to be 
extended at this juncture (The new county of Oev eland os the one 
major exception to this rule, consisting mainl> of a dismembered 
Tecsside CB ) 


Vthat happened to etty regions’ 

Since the pubbcation in 1933 of Oinstallcr’s Central Places in Soutkem 
Germany, the concept of the functional city region has been dear to the 
hearts of geographers and had entered into general arculation 
Furthermore, the concept seems to provide a rational basis on which to 
or^nisc the provision of local services and hence the best starting point 
for local government reform Thus, u is not surpnsing that the 1969 
Royal Commission received much evidence in support of the ai> region 
approach The majority report started from the premise that greater 
efficiency required the new authontics to he in the range of 0 25 
million to 1 0 million inhabitants. In applying this principle, they were 
much influenced by the aty region concept, using commutir^ patterns 
as the mam ctitcnon of urban mflucnce The practical expression of 
these principles was the proposal to establish 58 unitary (i c all 
purpose) authontics covering all England except London and three 
other metropolitan regions centred on Birmingham, Merseyside and 
Manchester In contrast to the all purpose authorities proposed for most 
of the countiy, the metropolitan authorities were to have a second 
tier of 20 districts These proposals were not acceptable to Senior, who 
wrote a trenchant minoritj report (Royal Commission, 1969, vol 2) 
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championing the city region as the starting point for reform He was 
VAlling to accept a much wder range in population sue as a pnee worth 
paying to achieve areas that more nearly reflected the funcnonal 
pattern of town and country than did the majority report recommend 
ations He advocated 35 regions covenng all England outside London, 4 
of these regions to be allpurpose auSionties (Cambndge, Leicester, 
Lincoln and Peterborough), the remainder to be sub-divided into 143 
second-ucr districts. In drawing the boundancs for both tiers, Senior 
did not feel obliged to amalgamate whole districts, drawing entirely 
new boundaries where he felt this was appropriate 

The Labour Administration of the day broadly accepted the majority 
proposals of the 1969 Royal Commission early m 1970 (Secretary of 
State for Loc^ Government and Regional Plannmg, 1970), but the 
Conservatives were elected to office later that year and made entirely 
new proposals (Secretary of State for the Environment, 1971) which 
formed the basis of the reform actually implemented The aty region 
concept is barely evident m this second White Paper Therefore, we 
may ask what m practice has actually happened to city regions in the 
new set up’ 

By definition, the major conurbations have been separated from their 
surrounding rural areas, in a manner similar to that proposed by the 
1969 Royal Commission (but their recommendations applied to only 
three) The question therefore only has relevance lower down the urban 
hierarchy Table 14 3 summarises the changes m the non Metropolitan 
counties introduced by the 1972 Act, identifying towns that have been 
amalgamated with rural areas, new towns created by the union of two 
existmg urban areas, and towns that have been left mtact in their 
previous boundanes For the purpose of this exercise, a town has been 
taken as a County Borough, Municipal Borough or Urban District, while 
rural areas are equated with Rural Districts These defunct admmis 
trative units have many defects for this purpose but provide the only 
geographical units that can be realisically used 

The general pattern displayed by Table 14 3, foreshadowed in the 1971 
White Paper, is striking Virtually all towns bdow 60 000 have been 
amalgamated with adjacent rural areas, whereas above that sue very few 
have been so treated This pattern becomes even more distinct when the 
following points are noted The five towns created by amalgamation 
and with a population below 70 000 are all special cases, to obtain a 
balanced pattern within the respective counties, these small towns had 
to be left on their own, e g WeymouUi and Portland in Dorset Above 
70 000, new' towns created by amalgamation vary m character from 
the sprawling development of Ellesmere Port, through the union of two 
separate towns as m the case of Bairow-m Fumcss/Dalton m Furness 
and Cannock/Rugeley, to the iccognition of a continuously built-up 
urban area, as m the union of Cheltenham and Charlton Kings 

Among the towns left untouched by amalgamation, special cases 
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TABLE 14 3 

Toion and country in the non-MelropoIttan ecunties, in terms of 1971 population 
totab 


Population range' 

TOIBM* 

amalgamated 

roens' not 
amalgamated 

IVirfc^ 

Hifh other rotens*'* * 

Free 

standing 

Continuously 
huilt up 

Free- 

standing 

Continuously 
built up 

0- 10 000 

178 





10 001- 20 000 

111 





20 001- 30 000 

62 





JO 001- 40 000 

30 




1 

40 001- SO 000 

24 


1 

3 

— 

50001- 60 000 

20 

1 

- 

1 

- 

60 001- 70 000 

6 

— 

3 

1 

— 

70 001- 80 000 

7 

S 

3 

8 

2 

80 00J- 90 000 

- 

- 

; 

2 

2 

90 001-100 000 

2 

3 

2 

6 

— 

100 001-12S OOO 


3 

1 

5 

3 

12S OOl-lSOOOO 



1 

2 

1 

ISO 001-175 000 




4 

1 

l7S00t-200 000 




- 

J 

over 200 001 




8 


Total 

440 

12 

12 

40 

11 


' Population figure* are for the new tiistncts. except m the case of towns 
anulgamated with rural areas, in the latter ease, the populauon is for the town 
alone. The county of OeveUnd has been emitted. 

* A town u taken as being a former County Borough, Munmpa] Borough or Urban 
District Excluded are two Urban Distncu (Lakes in Cumbna and Thurrock in 
Essex) that have been split in the process of forming new disincis. 

^ Rural areas are taken as being former Rural Distncca. 

* In some eases two towns hare been united with a rural area, e g Bedford hi B and 
Kempston U D .msuch cases, both towns have been separately included in this 
tabulation 

‘ In some cases, a small rural area has been added, nsuall> a few pinshes to 'tidy up* 
the situation resulting from the division of districts, e g Slough and Corby 
‘ Excludes the special case of Newpon M 0 . Rydc M B and Cowes U D in the Isle 
of Wght 

•Snwree UG?~C.^.Wl\,wp?Uy5>eiMje<l. 

again account for all those below 70 000 m population, some are Nesv 
Towms tnth further significant growth expected m the near future, as at 
Stevenage, others were difficult cases that could not be amalgamated 
mih other areas without violating one or more of the constraints under 
which the exercise was earned out, e.g Christchurch and Hereford 
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Above 70 000, the unamalgamatcd towns are for the most part cJeaily 
identifiable as ‘large’, surrounded by a rural area of greater or lesser 
extent — Gloucester, Lincoln, Cambndge, York and Stoke-on-Trent, for 
example, with Bristol by far the largest at 425 000 inhabitants 

Thus, in general terms, existing towns above 70 000 have been kept 
mtact as districts, separated from the surrounding rural areas, in 
addition, some ‘new’ ones have been created by amalgamation 
Altogether, therefore, the size-band 60-70 000 forms something of a 
threshold, below which town and country have been united and above 
which they have been kept apart While jt would be wrong to imply 
that for totvns below 60—70 000 the new system represents the full 
implementation of the city region concept, the new local government 
pattern is nevertheless a ma 3 or step m that direction King’s Lynn 
makes a natural focal pomt for the district of West Norfolk, as does 
Malvern for much of Malvern Hills On the other hand, the natural 
hinterlands of both Maidstone and Chester arc truncated on the 
westward side, and East Lindsey has been separated from its local town, 
Boston Yet, at the time reorganisation was going through there was 
very htUe evidence, in terms of public protest, petitions, etc , to suggest 
that at this lower end of the ur^n hierarchy the amalgamation of town 
and country was anything but fully acceptable in almost all cases 
An important clue to what has happened in the reorganisation of 
local government u provided by the w^rk of Hall and his associates 
(1973) They identified 100 Standard Metropolitan Labour Areas in 
England and Wales, using a careful definition designed to embody the 
concept of funeuona! uiterdependence and using 1961 commuting 
data. The Smallest S M L.A so rect^ised was centred on Stafford and 
had a 1961 populauon of 66 000, a figure which is in the threshold 
range identified above Now Hall and his associates were cxaminmg the 
containment of urban growth and hence the pressures exerted by the 
expansion of the larger towns, ue the S M LJL's they identified. The 
process of urban expansion implies the conversion of rural land to 
housing and urban uses, creating pressures that rural dwellers regard as a 
serious threat. Perhaps equally tmponant is the fact that for toivns over 
60—70 000 population the urban hinterlands arc in fact rather fuzzy 
when multiple criteria are used — journey to work, shopping habits, 
social patterns, etc. This point was admitted by Senior 

‘Regional centres vary considerably in strength Where a compat 
atively weak one has neighbours of similar calibre, the clami of its 

region to form aseparateplannmgumt is hardly indoubt, but ivherc 

such a region adjoins one with a much stronger centre, it forms part 
of that stronger centre’s hinterland for the more specialised end of 
the spectrum of regional activities' (Senior, Royal Commission 
1969,vol 2, para 220) 

In sum, therefore, the aty region concept, or something approxi- 
mating to It, has emerged at the lower end of the urban hierandiy, zc 
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below about 60—70 000 urban population At this scale, it would 
appear that the populace at large can and does recognise a community 
of mtcrcsL Towns of greater size than this hav’e been retained as 
districts and in this sense remam separated from their adjacent or 
surrounding rural areas However, since the counacs have important 
administrative powers over these larger towns, which was not alw3> s 
previously the case, it is clear that a nujor step has been taken to unite 
town and country even though the city-region concept has not been 
applied. At the county level, especially as between Metropolitan and 
non-Metropolitan counties, the new qrstem gives admimstratne expres* 
Sion to the different interests of town and country 


A move to greater cquahty^ 

Referring specifically to the conflict of interests between town and 
country, as the former sought to extend their boundaries at the expense 
of the latter, Redchffc Maud and Wood (1974, p 3) desenbe the 
pre-reform situation as one m which ‘A cold war between authontics 
conQnued to develop until it could be checked only by the creation 
of a new structure of to^ government’ Two approaches to this kmd of 
conflict may be adopted, or some compromise between them The 
conflicts of interest may be institutionalised and made overt — as \va5 
manifestly the case previously m many instances and as has been 
provided for in the creation of Metropolitan counties — or they may be 
‘internalised’ by the enlargement of authorities, especially on the city 
region pruiciple, in which case the interests of the rural minority would 
usually be over-ridden by those of the urban majority As we have 
already seen, the reform actually implemented was a compromise, with 
the two opposing principles applied in varying degree according to 
geographical scale. The fact remains that the interests of one district 
will not necessarily coinade with the mrcrests of its neighbours a 
degree of conflict, though hopefully not at the level of a ’cold war’, will 
remain an integral feature of local government. Therefore, it is of more 
than passing interest to enquire how far the reform has in fact produced 
a situation in which the local government units are more near!) equal m 
resources and political standing In the next few paragraphs, we will 
briefly examine some issues that bear on this quesnon, with reference 
to non-Mctropoliian districts m England, leading to a more extended 
discussion of the change m per caput resources as measured by rateable 
vahies. 

The first and most evident equalisation lies in the creation within 
each county of a single class of second tier districts to replace the four 
that previously existed Only where Metropolitan and non-Mctropolitan 
counties and districts arc contiguous is there any dilfercnce in the range 
of powers exercised on cither side of a boundary Perhaps the single 
most important facet of this change relates to the pfesious section and 
the aty region concept Prcviousl), the towns, and especully the larger 
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ones, were not only expanding m geographical extent but they also 
exercised a wider range of powers than the neighbouring Rural 
Districts, the latter constantl) fdt under threat from the ambitions of 
the toivns for territorial aggrandisement Though the reality of urban 
expansion is unchanged, the political consequences attending boundary 
adjustments or the maintenance of the status quo should now be much 
less explosive an issue 

At the same tunc, there has been a very substantial reduction in the 
length of boundaries separating dismcts, because of the smaller number 
of distncts- Though it would clearly be wrong to suggest that overt, 
institutionalised conflicts of interest will be directly proportional to the 
number of authorities or the total boundary length, a reduction m the 
latter must have some bearing on the probabiliucs of a conflict either 
persisting or developing To provide some mdication of the effects of 
reform on boundary length, two exercises have been undertaken The 
total area of non*Metropolitan England amounts to 122 000 km* givuig 
an average area of 128 km* for the 953 old dismcts and 412 for the 
reduced number of new distncts Making the improbable assumptions 
that all districts were the same size and shaped as regular hexagons, it is 
a strai^rfoivvaid task to calculate the perimeter length for the old and 
new situation the total length of distnee boundaries can be estimated 
as having been reduced by 44% This is a vei> approxunate esoniate 
since It Ignores the effects of the coast, the fact that prior to reform 
some distncts were split into noncontiguous pans and also omits 
consideration of an> net smoothing of boundanes that may have 
occurred by the elimmauon of some very oddly-shaped dismcts To sec 
whether the above approximation is reasonable, the landward 
boundanes for the South West Region (counUes of Aion, Cornwall, 
Devon, Dorset, Gloucestershire, Somerset and WUtshue) were measured 
from maps at a scale of I 100 000 For this exercise, the boundary of 
the Region with contiguous Regions was treated as if it were a coast and 
was afro omitted from the exercise For this Region, the actual 
reduction in length of boundary was 49% • On the basis of these two 
pieces of evidence, it appears that for the country as a whole the total 
boundary length for the new distncts is approximately one-half of the 
previous length 

As we have already seen, the reform process cluiunated the very latge 
number of minute local authonties but left the larger ones untouched 
By definition, therefore, there has been a reduction m the range of 
absolute sites of the distncts A convenient measure of this change is 
provided by die following figures (Table 14 4) for the total population 
(1971 census, thousands) before and after reform 

The dramatic reduction in the coefficient of variation indicates that, 
m terms of population size, the new dismcts are much less widely 
dispersed about the mean value than formerly With this greater 
equalisation m absolute terms, has there been an equivalent equalisation 
m resources per head of population’ 
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TABLE 14 4 

Distnets m noa-me(rop 0 />tin eounttes 1971 



953 

296 


old dittncti 

new dtsincts 

Afcan popuiiuon ( 000 ) 

27 7 

90 3 

Standard deviation 

361 

43 8 

Coefficient of variation 

130 

49 


The finance of local govenuncnt ts an extremely complex matter, 
compounded mainly of the rate income levied on property and grants 
from the Exchequer The formula under which the latter are calculated 
IS now so mtneate that apparently few people fully understand it m 
1974, therefore, the government promised a thorough review of the 
system Thus, in terms of income the position is both fluid and much 
affected by central government decisions, as exemplified by the shiftmg 
of Exchequer funds away from the rurj to urban areas in 1974, an 
event that gave rise to widespread protest. Consequently, the most 
useful single measure of Io» resources is the rateable value of 
property The first report of the Local Government Boundary 
Commission (L G B C 1972) allows an examination of the effects of 
reform upon the rateable value per caput, for the year 1 971 Where an 
old district has been divided among two or more new districts, an 
estimate was necessary of the allocation of rateable values among the 
constituent parts The local authorities concerned were asked to make 
these estimates in some cases the allocation svas done direct!) in 
proporuon to the population but m general an anemot was made to 
take account of the actual geographical dismbuaon of the rare stock 
Thus, while the per caput rateable values for the 953 old districts are 
reliable, there is an element of uncertamry concerning the equivalent 
1971 figures for the new districts This uncertainty is small not only 
because a genuine attempt was generally made to produce accurate 
estimates for the split districts but also because only 75 old districts 
were in fact divided (22 between Metropolitan and non-Metropoliian 
counties and 53 within the latter) Altogether, therefore, there is no 
reason to doubt the veracity of the picture which emerges, shown in 
Table 14 5 


TABLE 14 5 

Dutnett in non-mftnpi^itaH eountits 1971 



933 

296 


old damcn 

new datrtett 

Mean rateable value per eapvt (O 

40.9 

44 0 

Srandard deviation 

12.3 

il 5 

Coefficient of variation 

301 

26 1 
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The first point to note about these figures is the relatively small 
reduction in the coefficient of vanation, indicatmg only a modest move 
toward greater equality of per caput resources In the second place, the 
mean per caput rateable value has increased by about 10% The reason 
for this increase lies in the fact that unweighted values have been used 
to calculate the mean values and standard deviations These bald 
summary figures are not very illuminating as to what has actually 
occurred in the process of reform, beyond indicating a very limited 
move to greater equality in resources per person To explore the matter 
further, Table 1 4 6 has been compiled, showing rateable values per head 
for various sizes of the old local authorities, distinguishing rural areas 
and towns 


TABLE 14 6 

Rateable valuei C per caput 197} for the 953 otd districts before reform 


Population 

(000) 

Rural areas'^ 



Towns* 


C/bd 

SD 

N 

£/hd 

SD 

N 

0 - 100 

310 

104 

65 

40 6 

10 6 

190 

10 1- 20 0 

326 

70 

140 

42 6 

n 7 

132 

201- 30 0 

350 

60 

78 

43 9 

11 8 

74 

30 1- 400 

40 4 

lOS 

50 

48 2 

134 

44 

40 1- 500 

42 6 

11 2 

21 

47 6 

12 2 

34 

50 1- 60 0 

42 0 

8 7 

10 

51 0 

12 8 

27 

60 1- 70 0 

43 1 

91 

9 

55 3 

13 2 

13 

70 1- 80 0 

491 

13 8 

8 

541 

16 3 

18 

80 1- 90 0 




56 0 

21 3 

6 

90 1-100 0 

63 4 

— 

1 

48 3 

69 

6 

1001-125 0 




52 1 

12 5 

9 

125 1-150 0 




52 6 

75 

3 

ISO 1-175 0 




64 8 

89 

5 

175 1-200 0 




52 3 

_ 

1 

200 1 and over 




49 3 

76 

9 


' See note 3 Table 14 3 
^Seenote 3 Table 14 3 


For the rural areas, there is an unmtstakeable tendency for per caput 
rateable values to mcrease with the absolute size of populanon A 
similar pattern exists for towns up to the size range 80-90 000, 
whaeaflcT there appears to be no Astsnet trend. Furthermore, below 
80 000 population, towns consistently have larger resources per person 
than do rural areas of equivalent population total Thus, within the 
size-range of authorities that have been amalgamated to form the nesv 
districts, two processes tending to equalisation of relative resources 
have been operative The difference in rateable values per person in 
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urban and rural areas means that amalgamation of these nst) types of 
authority will give values that lie nearer the average for all authorities 
In the second place, the union of very small and poor districts uith 
larger and wealthier ones v,nU have the same effect. 

The fact that these two processes have resulted in such a small 
equalisation of relative rate resources undoubtedly reflects the 
operation of a further factor Since the districts represent the new unit 
of local govemment, amalgamation of neighbouring authorities has 
done nothing to average out the wider regional vanalions in incomes 
and resources generally If one area is either poor or nch m relation to 
Its absolute population, so too are its neighbours, i c there is a high 
level of spatial autocorrelation This is a matter that 1 have not been 
able to pursue any further as yet, but without doubt this has been the 
dominant factor limiting the equalisation of resources per head. 


Conclusion 

In this essay, ] have been able to examine only mo facets of local 
government reform in any depth. Both of these facets rcvral imper 
feciions in the system that has now been established but also indicate 
that real progress has indeed been made While n remains for fijture 
historians to assess whether the reform has been a success, the evidence 
presented m this essay tends to confirm the essential!) optimistic view 
taiwcn by Lord Redcliffc-Maud and Wood (1974) as a result of their 
wider ranging survey of reformed local govemment At the same time, 
there is clearly a large field for important research by geographers and 
other social scientists on the operation of the new system 


NOTES AND REFERENCES 

* I »in indebted to Mi« Vtletie Deekes. Depjntnent of Geography Umvenity of 
Bristol for making these measurements. 

Qinstaller W (1933 and 1966) Centra) Pbees ir» Soutbent Gemuny Tint 
published in German and translated into English b> C. \\ Bukin. Prentice-Mall 
Department of the Environment (1972) Loe^ Cevemmnt Act Orcular 121/72 
H M.S O 

Department of the Environment and Welsh Office (1971) Rates and Rurabte 
Values in hn^and and lla/es t97t'~72 II MS O 
II 1 II.P e(d/(1973) Tbe Contantment of Urban En^nd Allen and Un»in. 
ljpmin,V D (1949) Local Govemment Areas 1831-1945 Blackwell 
Local Govemment Boundary Commission (1972) Report So 1 Cmnd. 5148 
ILM S O 

Lord Redchffe-Miud and B Wood (1974) Engfisb Local Government Reformed 
Oxford Universiiy Press. 



318 Processes m Physical and Human Geo^phy 

Royal Commission (1969) Royal Commsaon on Local Government m England 
1966-1969, 3 vok. Cmnd. 4040, H M S O 
Secretaiy of State for the Enviroomenr (1971) Local Government in England 
government proposals /or TeoigamtatioM,CmB± 4S84. HJVl SO 
Secreury of State for Local Government and Reponal Planning (1970) Reform of 
Local Government in England, Cmni 4276 HJM S O 
Stanyer, J (1967) County Government tn England and Wales, Routledgc and 
Kegan Paul 



Chapter 1$ 


The Effect of Local 
Government Reform on Access 
to Public Services: A Case 
Study from Denmark 

Barry Garner’ 


Although minor adjustments m the boundaries of local government 
areas occur from time to tune, for example by annexaoon, the basic 
pattern of local government areas is normally stable during long periods 
of time Major Ganges m the size and number of admimstrame units 
can only be brought about by the reform of local government on a 
national basis. Such a national reform ivas unplemented ui Denmark on 
1st April 1970 The spatial aspects of the refonn of the Danish 
kommunes forms the basis of a current research project at the 
Geographical Insntute at Aarhus University In this paper, some 
preJiminar)’ results from the first stage of this project are presented 
Attention is focussed on the effect of the centralisation of local 
govemment services on the jndjwdual’saccess to services provided from 
local government offices Emphasis is thus placed on the relationship 
between the provision of services in the public sector and individual 
spatial behaviour, rather than on the spam! organisation of local 
government itself The discussion is set in the context of time-space 
constraints on the beh3> lOur of the individual 


The individual’s environment smicture 

E^'ery individual or household is surrounded by what Iligcrstrand 
(1970) calls an environment structure The environment structure is a 
pattern of resources, services and acnvmes that arc uneven!) distn 
buted m space and time, and which are necessary for the satisfaction of 
needs and wants. The composition of the environment structure vanes. 
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often quite considerably, from place to place At the macro scale, 
differences exist between urban and rural areas and, for example, 
between core regions and penphencs At the micro scale, variations 
exist between individuals, depending upon the location of the home- 
base with respect to the way resources and activities are distributed 
locally (Harvey, 1973) 

The role played by government in moulding the individual’s 
environment structure is increasingly important Urban and regional 
planning and national location policies in general have been instrutnen 
tal in brmging about differences m the composition of environment 
structures from place to place Increasingly, planning and other 
legislation is being used as a way of smoothing out the spatial 
dismbuuon of resources and activities m an attempt to reduce 
inequalities in living conditions and quality of life at the regional and 
local scale The welfare of die individual is to an increasing extent 
mtimatcly related to the level of resources, activities and services 
provided by government (Teitz, 1968) 

At the local scale, the environment structure is the basic spatial 
framework within which individual patterns of day to^lay behaviour 
unfold The way m which the dements making up the environment 
structure — both public and private— are used and exploited differs 
from person to person In part, this is related to individual differences 
m needs, wants, and values, it is also related to the way in which the 
individual perceives the opportunities available to him in space At the 
local scale, then, the environment structure is relative to the individual 
Its composiuon is to a large extent conditioned by the amount and 
quality of mformation the individual possesses, the economic resources 
at hiS disposal, and his psychological make-up The tvay in which one 
attempts to explain individual spaoal behaviour within this framework 
depends primarily on whether the emphasis is placed on the individual 
hi^elf or on the nature of his environment structure 

Preferences and cbotce 

Attempts to cxplam patterns of spatial behaviour in terms of the way m 
which the individual views the world about him have been made in the 
so-called behavioural approach to human acDvitics (Cox and GoUedge, 
1969) Following Horton and Reynolds (1971), t\%x> sub-spaces in the 
environment structure can be recognised for any given individual The 
first of these is his action space This is defined as the collecpon of 
locations, resources and activities about which the individual has 
information together with the subjective utility or preference he 
assocutes with these The second js the individual's activity space — the 
subset of all locations, actnnttes and resources with which the 
mdmdual has direct contact as the result of his day to-day acnviues 
over a period of time 

Differences in an individual’s action and activity spaces on the one 
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hand, and between these and the environment structure on the other, 
arc explained largely m terms of cogmtne images These images arc 
thought of as composing the interface ben^ren the individual and his 
environment, and it is in terms of the images that behaviour can be 
understood (Downs, 1970} How well the images are structured 
depends on the individual’s exposure to information, bis abilitj' ro 
assimilate it and the way he uses it The process of acquirmg 
information is viewed m terms of a search and learning process m space 
The images of reality the mdividual builds up in this way enable him to 
attach different levels of subjccovc utility or preference to the objects 
in the action space The particular set of activities which go to make up 
the individual's daily activity space arc assumed to be those for which 
the individual's preferences arc highest Individuals can express prefer- 
ences without necessarily being able to act upon them — as is often the 
case, for example, with regard to housing However, m the context of 
the individual’s day to-day activity, the emphasis on images and 
preferences assumes that a reasonable level of choice exists between the 
various opportunities m the acaon space (Garner, 1968) How much 
choice exists for a given individual depends on many different factors 
From the individual’s standpoint, choice is partly a function of 
economic resources since these relate, for example, to mobility levels 
The level of choice increases the larger the space over which the 
individual can move to carry out his da) ro-da) activity paffern 
However, the most severe restrictions to individual choice are those 
inherent in the physical composition and spatial organisation of the 
environment structure itself 

Acquinng information about where services — both public and 
pnvate — can be obtained in space takes time Lack of information 
about where to go, especially for public services, can result in 
considerable waste of time and alteration of the daily time budget In 
fact, of all the restrictions to individual choice and behaviour patterns 
the manifold relationships between time and space are perhaps the most 
important In the behavioural approach, the role of time is to a laigc 
extent neglected and one often gets the impression that behaviour takes 
place in a timeless cnvironmem Neglect of the ways in which time acts 
as a constraint on choice and movement makes much of the work 
couched in behavioural terms in no small degree non behavioural 

CoRstratRts tn time <zttd space 

It IS the central role given to the relationships between time and space, 
and to constraints on the spatial behaviour of the individual, which 
makes the recent work of Hagerstrand so inicresttng and valuable 
(Hagerstrand, 1970a. 1970b) It is interesting because it adds a new 
dimension for the development of theoiy, valuable beesus^ it u 
potenttall) rich in practical application Since the details of 
lligcTstrand’s time— space model ot societ) have now been thoroughly 
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summarised m English by Pred (1973), it is not necessary to do more 
than emphasise some of die mam pomts here 

That part of the environment structure which a person can reach 
within a smgle day and yet stiU return to the home-base for the night 
can be thought of as the individual’s daily environment space This has 
a theoretical and determinable outer boundary, the location of which 
depends on the individual s capability for movement Locations and the 
activities at them which occur withm the daily environment space can 
be called stations, the movements Unking them together and tune spent 
at a particular station can be called paths The daily environment space 
can be represented diagramrruticallj m the time— space dimensions as 
pnsms, the walls of which represent its outer boundary (Figure 15 1) 
Although the tune s pace walls of the daily pnsm will vary from da> to 
day depending on the activities the mdnndual engages in, and hence the 
stations he stops at (Figure IS 2), all behaviour during the day must 
take place withm its walls It is impossible for him to move outside the 
pnsm and he cannot backtrack withm it since tune is an uretnevable 
resource Every stay at a station for a particular purpose causes the 
rai^c of the pnsm to shrink m proportion to the length of stay there 



Figure is 1 Crcns-secuon of an individual sdaSy pmm r indicates distance and i 
tune a and b are home bases «hKh cannot be left before a certain time in the 
morning and which must be returned to some time later in the day The shape of 
the pnsm is determined by the level of mobdity Behaviour can only take place 
within the prism. (After Hagerstrind 1970a.) 



F^re 15.2 The range of the daily pnsm shrinks m proportion to the length of 
stay at a station, to — to, can be thought of as time spent at work Indmdoal a has 
less choiee m plate of worts than indnndual b because of bis lower loel of 
mobility VV'hen thetadividua] splaceofvorfcisclosetothehome base c. the daily 
pnsm can be decomposed into subpnsms. (AfRr Hagersttand 1970a ) 
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The daily prism is thus a way of conceptualising the physical 
dimensions of the action space in which individual beh3\iour can take 
place. 

The acovntics (stations) with which the individual has direct contact 
in the course of his daily acnvitj' arc located somewhere wathin the 
daily prism Although it is recognised that individuals differ in 
information and that preferences enter into behaviour patterns, these 
are not considered by Hagerstrand to be the most important factors 
affecting the activity space. Rather he stresses the fact that the 
individual’s freedom of access to stations, his ability for tnoveirtent 
between them, and hence his level of choice, arc often limited bj 
various kmds of constraints Individuals normally have only limited 
capacity to overcome these Certain constraints arc imposed 6) 
physiological and physical necessity others are derived from private 
and public decisions, still others are imposed bv behavioural norms 
Most of the various kinds of constraints which mould the individual's 
activity space fall into one of the following three categories capability 
constraints, coupling constraints andauthorit) conmunts 

Capability eonstrawts limit the aaiviiics of the individual through hi$ 
own biological make-up and the tools, including transport, at his 
command It is not necessary here to go into the effects of this type of 
constraint m detail although it is imponant to note that to a large 
extent they determine the size of the daily prisms and the extent of the 
mdividual’s action space 

Coupling constraints largely govern the paths through the daily prism 
They define ‘where, when, and for how long the individual has to join 
other individuals, tools, and matemls in order to produce, consume, 
and transact* A grouping of paths of several individuals at a particular 
station can be called an activity bundle, for c.xample workers and 
machines at a factory, salesmen and customers in shops, doctors and 
patients m a surgery The important point about activity bundles is that 
they follow predetermined nmetabJes which act as powerful constraints 
on the individual's freedom of choice m participating in activilics In 
highly packed situations, the individual s daily programme can be 
thrown drastically out of kilter by seemingly small adjustments in the 
way events arc scheduled in time When an activity or sen ice can only 
be obtained from a single location and when, as is the case with most 
local government services, the individual is forced to travel to that place 
and opening hours arc restneicd, coupling constraints often become 
acute This is particularly true when the facility or sen ice m question is 
asymimetncally located with respect to the individual’s usual daily 
activity space The seventy of the problem of course depends on the 
frequency' with which local govemmcni sen ices are demanded by a 
given individual In aggregate terms, however, poorly located facilities 
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wU intensify coupling constraints and increase problems of access to 
the services provided at them 

Authority comtratnts exist m a variety of different forms They can be 
thou^t of as givmg rise to domains in the organisation of space A 
domain is defined as a space— tunc entity within which activities are 
under the control of a person, group, or organisation !n time— space 
terms, domains appear as cylmdcrs the insides of which arc either not 
accessible at all to certain individuals (non members of a club for 
example), or are only accessible upon payment of a fee or by invitation, 
and so on. Domains are related to each other hierarchically Superior 
domains can determine or alter the spatial extent of subordinate 
domains and can remove or impose restrictions on the access of 
mdividuals to them 

The division of space for administrative purposes is one of the 
important ways in which authonty constraints arise Local government 
areas and administrauve areas in general constitute a particularly 
important kind of domain m spatial organisanon Their boundaries act 
as very real and powerful baniers to individual behaviour This is 
because individuals normally only have access to public facilities and 
services that are provided within the domam to which they have been 
spatially assigned In this sense, the individual goes where he is told to 
go to acquire many kinds of services provided in the public sector As 
we have seen, this may often require a substantial alteration to daily 
time budgets and result in increased coupling constraints Stratenes 
designed to ensure a ‘liveable’ day-to^ay existence for the individual 
and ‘to provide substance to that portion of each mdividual’s 
eiwironment which lies outside the realm of mcome acquisvuon’ (Pred, 
1973, p 37) must be found An important part of any strategy to this 
end must be the greater recognition and aivareness of the individual’s 
capaaty constramts, the lessening of coupling constraints, and the 
reduction of authonty constraints explicit in existing spau^ arrange- 
ments and organisation. 


The Danish kommune reform 

Major reforms of local government provide a golden opportunity for 
reducing at least some of the coupimg and authonty constraints in 
spatial organisation since domains are usually extensively redefined and 
the spatial distnbuDon of certain public facilities altered as a result 
This was most cettamly the case with the refotm of the Danish 
kommune structure m 1970, which simplified the structure of local 
government and drastically reduced the number of local government 
areas - from 1384 to 277 (Table 15 1) 

The structure of local government which existed prior to 1970 was, 
for the most pan, a legacy of the penod 1837-41 The basic features 
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table 15 1 

Population size of urban and rural datrias 1960 end primary kommunes 1970 
excluding Copenhagen 


Population 

size 

(000) VD 

I960 

RD 

Total 

•6 of total 

So 

1970 

•5. of total 

Under 1 


468 

468 

34 

_ 

_ 

1- 2 

11 

539 

sso 

41 

1 

- 

2- 3 

9 

173 

182 

13 

2 

1 

3- 6 

17 

84 

lot 

7 

65 

23 

6- 10 

12 

14 

26 

2 

97 

35 

10- 15 

9 

10 

19 

) 

40 

14 

15- 20 

8 

2 

10 

1 

24 

9 

20- 40 

13 

6 

19 

1 

25 

9 

40- 60 

2 

1 

3 

_ 

13 

S 

60-100 

1 

3 

4 

- 

5 

2 

over 100 

2 

- 

2 

- 

5 

2 

Total 

84 

1300 

1384 

ICO 

277 

100 


Source Betxnkningnr 420(1966) 


of the pattern of local government areas had remained almost intact 
since then. Voluntary amalgamation of areas had taken place from time 
to time, but it was not until after 1950 that this process began 
wbstantially to alter the basic pattern For example, m the period 
1962-66, 118 new local government areas were created from 398 
former ones. By this Ume, discussions about the reform of the structure 
of local government were well under way 

Three kinds of administratwe area (kommunc) then existed urban 
districts (kdbstadskommuner). rural dismcts (sognekommuner), and 
counties (amtskommuner) Excluding Qspenhagen, 84 towns formed 
the basis for the urban distncts, pannes the basis for the 1300 rural 
distnets. These nvo kinds of authonty were responsible for providing 
public facilities, for example schools and hbrancs. and for the 
administration of a growing complexity of gcfvcmment services at the 
local Ic\el The 22 counties, which compnsed the rural distncts 
provided higher level services such as hospitals, and co-ordinaicd s’anous 
other actiwnes at the regional scale, for example road building Bv the 
mid-fifties, It was becoming increasingly apparent that this $j*$tem was 
no longer adequate 

The rural distncts — by far the most numerous — were m particular 
increasingly incapable of providing the level of semce demanded by the 
population and required by the Uw They were too small, 75% had a 
population of under 2000 in I960 (Table 15 1), and many of them 
were suffering a decline m population as migration to urban centres. 
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cspcaally the Gjpenhagen region, gathered momentum For most of 
them the costs of pro\iding a satirfactory lc\ri of public scmcc was 
becoming prohibitive ssithout substantial financial help from the 
nanonaJ purse This in turn necessitated the mamtcnancc of a 
cumbersome and costly adrmnistramc machinery at the national level 
for the redistribution of taxes between kommunes Moreover, the 
national government itself was forced to an increasing extent to assume 
direct responsibility for the financing and administration of a wade 
range of actmties at the kommunc level Locally elected councils were 
finding It almost impossible to keep up with the flood of new 
legislation, particularly that relating to social services, which incrcas 
ingly required specialist knowledge to administer The net result was a 
rapidly declinuig level and quality of services provided by the rural 
distrias 

These problems were to a greater or lesser extent also typical of the 
urban districts, especially the smaller ones Generally speaking how- 
ever, the problems were less acute in the towns since, with their larger 
population, they were in a better position to finance the provision of 
facilities and services. Also, many of them had the resources to appoint 
full time administrative personnel Thus a noticeable imbalance was 
being seated m the provision of public services as between rural and 
urban areas The mam problems of the urban districts however, 
resulted from the spread of the built up area into the adjoining rural 
districts. \Vhile the growth of ‘suburban* population created special 
problems for the rural districts, the urban districts were required to 
maintain a high level of investment m the core of the urban area, often 
despite a declining tax base accompanying suburbanisation The 
problems of a fragmented administrative framework, alb'it at a local 
scale made it increasingly difficult to solve problems within the urban 
area as a whole, and made ptannirw vinuaHv impossible 

It was against this background that a Government Commission was 
set up in 1958 to investieaic the reform of local government The 
Commission s job was twofold first to work out a framework for new 
legislation for the structure of local government itself and second to 
consider the possibilities of creating a more suitable division of the 
country into administrattvT areas It is interesting to note that questions 
relating to the spatul structure of local gov emment were of secondary 
imporunce The Commission reported in 1966 (Dctaenkning nr 420 
1966) In short, three mam recommendations were made The first of 
these was that the existing sirucnire of local government should be 
i<?/i vt<p),vK A kr/ a v«K>Avet , -m -wVntb vbt bvsvt 

administrative unit was to be the pnmaiy knmmune which was to 
replace the existing urban and rural districts In turn, pnmary 
kommunes wac to lie grouped mo secondary kommunes — the 
socalted counties. 

The other two recommendations concerned the way m which the 



Local Government Rcfonn and Public Services 327 

new pnmary kommunes were to be established The first related to 
their size, they were to be substantially laiger in area and populauon 
than hitherto Normally, they were not to be smaller than 5—6000 
inhabitants. Recent studies of the new primary kommune budgets 
suggest chat this threshold ssas far too losv, smee the per caput cost of 
providing public services appears to increase markedly in kommunes 
smaller than 10—15 000 inhabitants. Table 15 1 shows that over half of 
the newly created prunary kommunes were smaller than this threshold 
immediately after Ac reform m 1970 
The second rccommendanon ivas founded upon Ac principle of ‘one 
tovsTi — one kommune’ The new kommunes were to be based on Ae 
pattern of towns and, wherever possiMc, boundanes were to be drawn 
so that the town and its hinterland were mcluded m Ae same 
kommune. In Ae interests of rationalisation and economies of scale m 
Ae public sector as a whole, Ac provision of local gov ernment services 
was to be centralised at Ac new administrative centre wiAm caA 
kommune One of Ae basic ideas bAind Ac reform of local 
government was, Aen, Ae reduction of spatial inctjuahties in Ae level 
and quality of public facility provision and local government services 
Since the latter were to be centralised at Ac new kommune centres, Ae 
location of Aese centres wiA respect to the distribution of population 
and new kommune boundanes is unponant, paiticularly from Ae 
viewpoint of access. It can be argued Aat Ae level of service ts not 
enturely independent of Ae ease with which it can be obtained 

The delimitation of local government areas in suA a way as to 
minimise distance and maximise access to the new idminisarative 
centres is in essence a ‘location— allocation’ problem (Massam, 1972) 
However, since in Ae Danish case certain towns were selected as the 
centres of the new kommunes at the outset, the problem was 
considerably sunplified in Aat attenoon need only be focussed on Ae 
problem of drawing boundanes, a task Aat is usually undertaken by a 
Boundary Commission However, Ais was not Ae case in Denmark 
Instead, the rural districts were left to sort out Ae problem themselves 
The creation of Ae new primary kommunes, and hence their 
delimitation, was to be aAieved by anialgamatjon of the rural districts 
on a voluntary basis In Ac case of disagreements between the districts. 
Ae government reserved Ae nght to allocate Aem to a piracular 
kommune by decree This happened in very few mstances As a result, 
Ac new pnmary kommunes are m many cases far from opumal as 
regards Ac mdividual’s access to local government offices, which in a 
large number of cases arc located asymmetrically withm Ae local 
government area, tg. Rmgkebing (Figure 15 3) 

Changes tn access to a local government office 

To shed some light on Ae extent to which access to local govTnjmrnr 
offices has been Aanged as a result of Ae creation of Ae new 
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Figure 15 3 Trasel times in minutes for one-way joumej-s to former rural district 

offices the locations of which are shown by the small filled circles Travel times are 
for journeys by bus including time needed to walk to a bus stop and for journeys 
on foot where it is possible to walk directly to an office in under ten minutes The 
locaaon of the new local government office in Ringktfbing is shown by Ae large 
filled circle 


kornmune structure, the situation in Ringkobmg Kommunc, m western 
Jutland has been studied (Alsted 1974) The new kommunc composes 
the previous urban district of Ringkpbtng, uhich j$ the nesv administra 
tive centre plus 11 fonner rural distncts (Figure 15 3) In 1970, the 
kommunc had a population of 15 186, 6629 residing m the town of 
Ringkdbing itself The results of the research present^ here are those 
bas^ on access to the new local government office by public transport 
We ha\c chosen these data because the> illustrate the effects of 
coupling constraints and because they Aow the way mobility is limited 
by capacity constraints The extent to which public transport is 
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actually used in visiting the local government office has not >et been 
determined Consequendy, the picture presented is to some degree 
hypothetical However, it can be thought of as representing the 
situation for the most disadvantaged section of the population in the 
kommune .... v. a 

Information shown on the maps and m the tables has been o amc 
using the following procedures and rules The kommune is covered y a 
grid of 1 km squares and the population measured as the number oi 
households per square Households in the former urban district ot 
Ringkfibing arc omitted from the calculations because for them ere 
has been no change in access to the local government office 
former rural districts, only those squares whose centres are ^ 
maximum distance of 2 km from the former 
1 km from a bus route are included in the calculanons 79% of 
number of households m the former rural distncts is located m th«e 
squares, 21% of the rural population is consequendy om>«cd tmm m 
study It IS assumed that people will walk to the kommune 
within 2km, otherwise they take the bus The time minutes 

the office is set at 5 minutes within a radius of 1 km and 
within a radius of 2 km of the office The ome taken to k to bus 
route IS set at 5 minutes for households living m the squ g 

which the bus route passes, otherwise, the V ^,ii .too 

stop is set at 10 minutes It is assumed that the b P 

anywhere along the route upon request -a 
normal in the i?iral areas of Denmark The ume for a 
present local government office and at the former ru jp 

w set at 15 minutes Officials in Ringkdbing local 

be the normal length for a consultation For a visit 
government office in Ringkdbmg. it is 10 minutes wlk J'V . 
station to the office, and 10 minutes back again ^ 

minimum time needed after arriving m RingkObing m ° 
busmess at the present office is 35 minutes The present office is open 
m the periods 9 30-12 30 and 13 30-15 30 , . „ 

'Hie patterns of travel times to the former rural distnc 
Ringkobing arc shown on Figures 15 3 and 15 4 of 

differences between the two maps need that the 

centralisation are obvious and as expected Suffice it to r/j-oj 
"rnimum time needed to travel to the fonner 'ural djstnct 
20-25 mmutes, today it is 70-75 minutes The services arc 

times before and after centralisation of local ^ould 

shown m Table 15 2 Before the reform, 52 0% cHhe pop 

teach the kommune office within 5 minutes In the new ^ Aery 

under 50 0% of the population need 30 mmutes ot more 1 
household were to make one visit to the local govc ^ ^jg 

Rtngkabing. the aggregate increase in travel time W 71 

‘household hours* Smcc the figures .n Table 15 2 are for single 
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Figure 15 4 Travel limes m muiuies for one-way joumeyi lo the new local 
govefnmeni office in Ringk^bmg Travel nmea are for journeys by bus including 
nme needed lo walk lo m bus stop and from the bus sunon in RingVdbing to the 
office and for journeys on foot where it is possible to walk directly to the new 
office in under ten minutes 


journeys, the total increase in time needed for wavcUing— 143^ 
‘household hours' — is equivalent to the tune one man spends working 
40 hours a week for 35 weeks 

The effect of coupling constraints becomes apparent as soon as the 
time required for a consultation at the local government office is 
included Spatial variations in the total tune needed to visit local 
government offices arc shown in Figures IS 5 and IS 6 On these maps, 
the average total times per household in each of the former rural 
distncts are shown for visits, to acquire local govemtnent services before 
and after the reform Figure 15 5 shows the pattern when a visit must 
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TABLE 15 2 

Distnbutian of boosebolds by trootl times tn minutes before and after tbe kammane 
reform for a one-way journey 


Travel ume 
m rmnutes 


Before 



After 


No of 
house- 
holds 

Travel 
lime X 

bolds 


Ao of 
bouse' 
bolds 

Travel 

tmex 

bouse- 

bolds 


5 

1174 

5S70 

52 

190 

950 

8 

10 

623 

6230 

28 

213 

2130 

9 

IS 

414 

6210 

18 

214 

3210 

9 

20 

33 

660 

1 S 

286 

5720 

13 

2S 

IS 

375 

05 

244 

6100 

11 

30 

4 

120 

_ 

529 

15870 

24 

35 

- 

- 


76 

2660 

3 

40 

- 


- 

167 

6680 

7 

45 

_ 

- 

- 

39 

1755 

2 

50 

- 

- 

_ 

101 

5050 

4 

55 

— 

>- 

- 

51 

2805 

2 

60 


— 

— 

93 

5580 

4 

65 


- 


43 

2795 

2 

70 

— 

— 

- 

20 

700 


75 

- 

- 

- 

7 

525 

* 

Total 

2263 

19465 

loo 

2263 

62530 

100 


5oufce Alsted(1974) 


be made during the morning Foranjoniing uip, the journey must start 
and end at the home-base between 8 00 and 13 00 hours The figures 
are for the shortest possible round trip during this period As can be 
expected, the total time per visit to the local government office is 
considerably greater after the reform Sdr Lem in the southeast comer 
of the kommune is the only excepaon For households in Vedersd and 
Torsted it is not possible to visit the RingkSbing offices The most 
interesting feature revealed on the map is however, the considerable 
time which must be spent waiting m Ringkdbing before there is a bus 
home This is espccally the case for people living m the northwestern 
part of the kommune Of course this time is not recessanij wasted 
Since the opportunit> exists for shopping in the town The corres 
ponding pattern for an afternoon mp is shonn jn Figure J5 6 An 
afternoon trip must start and end at the home-base between 12 00 and 
17 00 hours. The figures are again for the shortest possible round tnp 
during this period Total trip times arc dear!) shorter in the afternoon 
than in the mornings. Moreover, waiting limes arc also considerablj 
shorter in the afternoons. In addition, however, the time required for a 
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Figure 15 6 Avenge toul round-erip tunes «n minutes per household for an 
afternoon visit to local government offices before and after the kommune reform 
See the caption for Figure 15 5 for ceplanaBon of the bar-grapht 


trip in the afternoon appears to increase with distance from 
Ringkdbmg 

Table 15 3 shows the distribution of households by total tnp times 
before and after the kommune reform for visits in the morning and 
iftanoon reipectneJy Under the old iystern, 56 0^ of households 
could visit the rural district offices m less than half an hour for a 
morning trip and 52 0% of households could make the vuit m the same 
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TABLE 15 i 

Datnbvtjon of bousebolds by toui rotmd tnp timn before and after the kommvoe 
reform 


UjntiffS 


Kormngtnps 



\/tcmoon trtpt 


Before 

S 

After 


Before 

% 

After 


0- 30 

1218 

56 

_ 


1812 

52 

_ 

- 

31- 60 

338 

IS 

- 

- 

356 

IS 

- 

_ 

61- 90 

— 

— 

61 

3 

75 

3 

723 

31 

91-120 

IS 

1 

248 

12 

538 

23 

941 

40 

121-lSO 

367 

17 

574 

28 

27 

1 

413 

17 

151-180 

79 

4 

625 

30 

98 

4 

230 

10 

181-210 

90 

4 

251 

12 

30 

2 

59 

2 

211+ 

68 

3 

307 

IS 

- 

- 

- 

- 

Total 

2175 

100 

2066 

100 

2348 

100 

236 

100 


Sovree AIste<i(1974) 


tun« w the aftcmootL In the new komTnune, over half of the 
households need at least 2H houR to visit the Ruigkobmg office m the 
morning and no one can make the tnp in less than an hour For 
afternoon tups, 310% of households must use I—IK hours while 
os er 70 0% require 1—2 hours 

Finally, Table 15 4 shosvs the average nine m minutes per household 

TABLE 15 4 

Apcr^ time in rmmites for sbortert potnbU round mp to local go-vmmeitt 
offices before and after the kommune reform, by rural tfumcts 


Difference 


Rural datnet 

Before 

After 

Minutes 

*# 

\rl^rr^e^ 

54 

149 

95 

175 

Stadil 

49 

129 

80 

163 

Tim 

50 

110 

60 

120 

Tomed 

87 

181 

94 

lOS 

H« 

38 

78 

40 

105 

Hover 

119 

178 

59 

50 

^Ucrup 

35 

149 

114 

326 

Ho 

31 

111 

80 

258 

Sdr Lem 

89 

102 


14 

Selling 

61 

89 

28 

46 

Riadum 

29 

85 

56 

193 

All distncts 

58 

124 

66 

114 


5oarcc Al«ed<l974) 
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for the shortest possible round tnp to the offices before and after the 
reform, by former rural districts The average increase m time STincs 
from 13 minutes in Sdr Lem to 114 minutes in Olstrup In almost all 
distncts the time needed to acquire local gotemment services has 
increased by over 100 0% 

Figures 15 5 and 15 6 are a good illustration of the effects of 
coupling constraints If time is at a premium, then clear!) an afternoon 
trip is best But to make the tnp during the afternoon may require 
substantial alteration to the daily ttme^udger On the other hand, a 
morning trip may fit more easily into the dad) routine, but the total 
time needed for the trip is considerably grearer The rigidity of 
timetables and the low frequency of bus ser\ ices may act as powerful 
forces shaping the day to-day behaviour of indniduals in the area. 

The extent to which this is the case depends m large part on what we 
can think of as the trip-flexibility — that is the number of oppor 
tunities for making the tnp within a given time period For \jsits to the 
Ringktfbing office the time period is determined by the opening hours 
To avoid a long wnic before the office opens at 9 30, the earliest the 
individual should arrive at the bus station is 9 20, and Ae latest time of 
atnval is 15 05 because 25 minutes is needed to walk ro the office and 
obtain a consultation before the office closes Calculations show that 
40 0% of households have two possibilities of making the trip within 
this period 9 0% have more than three possibilities However, 20 0% of 
the households have no choice — there is for them only one possibilit) 
of making the tnp The areas in which this is the case are shown in 
Figure 15 7 The figures at the fool of the columns indicate the 
percentage of households in this no<hoicc situation before and after 
the reform In Vederso and Torsted, the number of households with no 
choice has increased significantly It is intexesDng to note that the Jack 
of trip-flcxibility is notably concentrated in the northern periphery and 
in Olsted at the eastern edge of the new kommune 

Gnen the exisung situation, especially in the peripheral areas, there 
are perhaps three strategies for improving access to local government 
services given the fact that the establishment of sub-offices is ruled out 
b) the new legislation on the structure of local government outside the 
four largest urban areas rn the country First, b) improi ing the level of 
public transport services in the area In mc%v of the problems of 
maintaining the existing level of serv'ices, this would only be possible 
With massive government assistance Such assistance is not likely to be 
forthcoming Second, by introducing mobile facilities These arc 
already well developed for library services and it would not seem 
difficult to extend this practice m providing other forms of public 
service Third, by alloiving indiri<hials access to faaUties and senices 
provided m adjoining kommunes whenesci these arc closer Such 
arrangements already exist between kommunes for primary and 
secondary schools and there is no reason wh) they should not be 
extended to other activities of the public sector 



3J6 


Processes m Physical and Human Geography 



Figure 15 7 Avenge tool round mp omes m minutes per household for a visit to 
local government offices before and after the kommunc reform for households with 
only one possibility a day of making a visit. The figures show the percenage of 
households m the fonner ninl distncB in this situation See the eapnoa for 
F^te 15 5 for explanation of the bsr-graphs. 


Comment 

Tlie centralisation of local government services in the new kommunc 
has resulted in longer travel tunes and often longer waiting tunes — 
particularly for households living m the peripheral part of the study 
area This is to be expectei However, the problems of the periphcr^ 
areas m the new primary komimincs could certainly have been reduced 
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had more attention been given to the delimitation of the new kommunc 
boundaries Because this was not the case, the kommune reform 
appears to have mcrcascd authontj constraints and coupling constraints 
instead of reducing them 

Two further comments are m order First, we have only looked here 
at one aspect of the centralisation of local government services — the 
time— space costs to the individual But there arc also benefits, since 
centralisation of local government services has certainly improved the 
level and quality of services provided by local government The study of 
the benefits to the individual resulting from centralisation is more 
complex, and our results are not yet available Secondly, the problem 
of access to local government services has not been set within the 
context of the actual patterns of spaual behaviour — the individuals’ 
activity spaces How serious the problem of access to local government 
services really is depends not only on the frequency with which 
different people demand them but paiticularly on the degree to which 
Ringk^bmg is part of the activity space for the surrounding population 
Studies of actual behavioural patterns and activity spaces in the 
kommune will enable this problem to be seen in proper perspective 
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Chapter 16 


Regional Road Investment 
Planning for Developing 
Countries: An Indonesian 
Application 

Patrick O’Sullivan ‘ 


In many countries the inadequacy of transpon facilities is one of the 
major tottlenecks to economic growth and national integration The 
high cost of transport makes it difficult to introduce social mfra 
structure such as educational and medical services The disseminauon of 
new agricultural methods and the linkage of agriculture to the rest of 
the economy through the market arc hampered by the absence of 
efficient transport facilities. This contributes to the continued low 
productivity of agriculture and consequently to the low income of the 
bulk of the populanon, which, m turn, limits the potential growth of 
manufacturing This problem is recognised by governments and 
international lending agenaes and much capita] investment is directed 
to the improvement of transport There is every indication that for 
agranan economies the pay-off from road transport investment is 
greater than that from other modes therefore, in this essay attention 
will be confined to road planning 


Approaches to transport planning 

Three approaches to transport pUnnuig m des-eloping countries may be 
identified At one cerreme, the attempt may be made to relate the 
transport decision process to a mode! or the whole economy, as in the 
case of the work by Kresge and Roberts (1971) Their Columbia model 
attempts to identify and trace the feedbacks benseen the economic 
system and the transport sector, calculating the benefits from transport 
investment m terms of increase tn the gross national product This 
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approach requires many data and involves heroic simplifying assump- 
tions A simpler approach, therefore, is that adopted by Kuhn and Lea 
(1969) for Dahomey They focussed attention on the transport sector 
ignoring the macro-economic analysis of the whole economy, partly to 
reduce the cost (time and data) of the exercise, but also partly because 
of doubts about the accuracy of macro-economic simulation proced 
ures. The Dahomey model attempts to optimise the transport sector of 
the whole country, accepting extrapolated projections of commodity 
supplies and demands in various regions and making some allowance for 
planned mdustiial expansion However, the third and most common 
approach currently used m planning transport in developing countries is 
the evaluation of independent projects This reduces the task to 
manageable proportions but neglects die mterdependcncics between 
projects 

The purpose of the work reported here is to devise a practical 
method for transport investment programming at the provincial or 
regional scale, where 'practicality’ is defined largely in terms of data 
requirements The aun has been to ovacomc some of the inadequacies of 
the approaches mentioned above — the disregard for mterdependency 
of conventional project analysis and the complexity and dubious 
applicability of macroeconomic models m developing countries at 
present 

The most suitable strategy for investment programming vanes from 
situation to situation In some cases the purpose may be to ascertain 
where and when to build what facJities during a certain period of time 
for which there is a given annua! budget Investment programming 
should then determine which links in a network are to be built and the 
standard to which they should be constructed In other instances, the 
transport planner may be given the estimated potennal development 
and demand for transport without a budgetary constraint, in which case 
he has also to determme how much money should be allocated annually 
to finance construction and maintenance work In this essay, the 
former situation is considered to apply The steps mvoivcd in the 
decision process can then be specified as follows 

1 estimation of the future demand for transport, both for goods 
and passengers 

2 designation of a set of possible links m the transport nettitirk 
from which to select those to be built m each budgeting period, 

3 specification of a set of road standards relevant for given traffic 
vcAuTTits, wbitb may be applied to the construction of road Imks, 

4 estimation of the construction costs (at different road standards) 
for each tentative road link to be evaluated in the programming 
process, 

5 estimation of vehicle operating costs for each type of vehicle that 
may travel on each link. 
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6 determination of the budget that will be a^iilablc in each 
budgetary period for construction works, 

7 development of a decision procedure for selecting what, where 
and when to build from among the given set of feasible links, 

8 actual selection of a specific investment programme 

These steps constitute the outline of this study The method applied 
to the problem is a region-vvade opomisauon of road transport by 
means of a branch*and bound, moced integer programming algorithm 
The two basic inputs to this model — estimates of commodity flows 
and transport costs — arc generated using surplus deficit and vehicle 
cost models The surplus defiat model, together with population 
estimates, generates the traffic flow requirements between nodes of the 
transport system The vehicle cost model provides estimates of vehicle 
operating costs. Using these inputs and the budget as a constraint, the 
programming model determines the network that can be financed by 
the available budget which, at the same time, minimises total vehicle 
operating costs throughout the system 


The study area south Sulawesi (formerly Celebes), Indonesia 
The procedure was applied to road planning in south Sulawesi, a 
province of the Republic of Indonesia The province has an area of 
77 600 km* and occupies the oblong south western peninsula of 
Sulawesi Island This appendage is roughly 400 kilometres from north 
to south, 200 kilometres wide at its broadest in the north and about 
100 kilometres wide for most of ns length The north of the pcnuisula 
consists of an extension of the Greater Central Sulawesi Range with 
many peaks rising to o>er 2000 metres above jea JevcJ The southern 
part of the peninsula consists of another mountain range, with a 
maximum altitude of 2871 metres, characterised by a north-south gram 
which hinders communication between the cast and west coasts The 
two highland blocks arc separated by a middle plain, at its narrowest on 
the West coast near Pareparc and widening to the cast Elsewhere, the 
narrow coastal plain widens in Luvvu and Mamudju Intense tropical 
rainfall and consequent flooding and mass movement of unstable slopes 
provide additional physical inhibitions to cross country movement in 
the region 

The population of the province rose from 4 492 000 m 1961 to 
5 093 000 in 1971, gi»ng an annual growth rate of about The 
mean density is 57 persons per km*, which is above the nanonaJ 
average of 51 but considerably lower rfian the 300-700 per km* of 
Java, Madura and Bali The heaviest concentration is along the south 
coast, where densities reach over 100, declining northwards to IS in the 
northernmost kabupaicn The two largest atics arc Makasar and Pareparc 
(respectively 434 809 and 72 646 in 1971) The other centres of 
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populauon arc the kabupaten capitals, all of which exceed 10 000 
persons 70% of the popu!anon is engaged m agnculturc. The province’s 
principal domestic trade is m ncc, wMe foreign exports are fwh, forest 
and hvestock products exports of nickel ore have risen m value of btc 
but nickel’s ii^ucncc on the economy of the province is not great since 
the minmg operation employs few people and the ore is not processed 
locally 5% of the population is employed m manufaenmng, in cement, 
paper and textile plants located m or near Makasar 

The pnncipal harbours for mter island and international trade are 
Makasar and Pareparc. For inter island traffic there are five harbours 
with faohties for small sailing vessels where larger vessels must stand 
offshore and transfer cargo by lighter The province’s coastal traffic is 
between kabupaten where road transport is costly or impossible, e g to 
and from Mamudju and between Palcpo and Kadjoc Given the size of 
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the peninsula, it seems likely that if all existing roads were m good 
condition, sea transport could not compete m terms of cost and time 
The existmg road network reflects Ac physique and disposition of 
land uses in the province The mam crops depend on the availabilit) of 
irrigation water and, therefore, intensive agriculture and associated 
settlement is found only on the Jittorai, the middle plains and in nver 
valleys Roads traverse and connect these areas The network also 
reflects the market system, radiatmg from the ports of Makasar and 
Pareparc to local centres which function as collectors of local produce 
and distributors of imported goods The road s>'Ston is in very bad 
condition Of the 2188 kilometres under the junsdiction of the 
provincial Public Works Department, 1561 kilometres were gravel 
roads, mostly m bad condition, and 585 kilometres were birummous 
roads, of which 175 kilometres were of low standard. Lack of finance, 
the war of independence and the Darul Islam rebellion from the 
mid-1950s to 1963 have all contributed to this situation In the late 
1960s, the government, realtsmg the relationship between a declining 
economy and degraded roads, b^n to renew the most important links 
but, because of the dearth of finance and the large number of roads, 
little could be done The results of a traffic count taken in 1968 are 
shown m Figure 16 I The major traffic flows occur between and 
around Makasar and Pareparc but the low volume on many links does 
not necessarily imply a low latent demand Most roads were m bad 
condition at the tune, indeed, 500 metres of the road from Madjenc to 
Mamuju had been wiped out by a landslide 


Forecasting the demand for transport 

The demand for transport stems largely from the need to obtain other 
goods and services, rcfleccing the place utility which makes the 
movement of goods and people necessary’ Thus, any attempt to 
estimate the future demand for transport must be based on the future 
geographical disposition of resources, population and economic 
activities Projections of land use and economic activity provide the 
basis for forecasting the demand for transport by freight shipfiers and 
passengers Transport planning in Sulawesi will most sensibly be linked 
to the improvement of and addition to existing facilities, rather than to 
the provision of other modes of transport This reduces the foreeasung 
of transport demand to the analpis of traffic-generating factors and 
their distribution, relegating analysis of modal choice to a minor role 
To estimate the demand for transport it is necessary to define the 
areal units between which traffic is deemed to flow — the kabupaten, m 
this case, being the Units for which demographic and economic data 
wercawilable Within these units, locations had to be chosen to serve as 
origins and destinations, so that the traffic on each road of the network 
could be specified The domirunt market centre of each kabupaten. 
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usually the administrative capital, was chtaen to represent the focus of 
traffic for the area 

As a basis for forecasting consumption, the population of each 
kabupaten had to be projected Because of the dearth of data, a simple 
extrapolation was the only recourse available, based on the kabupaten 
populations for 1961 and 1971 Assummg these rates of change to be 
stationary, target year populations were calculated at a compound 
growth rate A linear relationship was not assumed as the implied 
constant absolute annual change was judged unreasonable It svas 
considered that any ratio apportionment method, which assumed a 
fixed relationship between national and regional population, was also 
unsuitable as the actual 1961—71 provmcial rate of 1% was at vanance 
tvith the nauonal figure of 2 5% 

In a predominantly agrarian, undeveloped economy, the demand for 
freight transport can be determined, with some justificaaon, by means 
of a ‘surplus-deficit’ mode! mvolvmg the following five steps 

1 estimation of kabupaten production of major commodities, 

2 estimation of kabupaten consumption of major commodities, 

3 determination of lUbupaten marketable surpluses or deficits for 
various goods, 

4 allocation of the surpluses to the deficit areas, 

5 estimation of the whole region’s surpluses for export and import 
of Items m short supply 

The most difficult task is then forecasting levels of production and 
consumption 

Taking consumption first, growth rates of per caput consumption 
were applied to current consumption, the product being mulDplied by 
estimates of target year populations Theorcocally, the rate of growth 
of per caput consumption represents the growth rate of per caput 
income and the income clasDcity of demand for food However, the 
only data available were F AO (1971) estimates of growth rates of 
consumption per head for the whole of Indonesia, so it was necessary 
to assume that the national estimates applied to south Sulawesi 

To forecast agricultural output, it is necessary to predict crop areas 
and yields. Given the poor data base m Sulawesi it was not appropnate 
to extrapolate values for these There %vas, however, a land use plan for 
the province In 1968 the Ministry of Agnculture earned out a land use 
survey in each kabupaten and produced two maps one showing the 
current position and the other the recommended land use pattern for 
both a short run and long-run agricultural development programme 
The latter map was compiled after detailed investigations of soil, 
topography, climate and the potential for expandmg culavaoon and 
irrigation facilities. This plan provided rates of expansion and con 
version for land under vanous crops Rates of yield mcrcase were based 
on the realised moeascs between 1965 and 1970, which were assumed 
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to persist through the planning penod Production of various crops in 
the target year was calculated as the product of area and yield, with due 
allowance for field and milling losses. 

The only manufactunng plants m the region, producing ceniCTt and 
paper, were assumed to expand to their full capacities by 1973, as 
intended in the Five-Year Plan, with provincial consumption increasirig 
m line with populanon and any surplus bemg exported to other islands 
vu Makasar Export of other items was assumed to grow at the rarrent 
provincial rate The province unports motor, household and induOTal 
fuel, and manufactured goods For lack of sufficient data, but based on 
the expcnencc of other developing countnes. consumption was 
assumed {o grow at the same rate as the populations of the kabupaten 
Motor fuel consumpuon was assumed to grow at 10% per anmim (^e 
expected growth rate of motor vehicle numbers in the The 

cement industry was assumed to double its coemption of fuel by the 
end of 1973 and then remain consunt with the assumed achievement 
of fuU capaaty by the industry The growth rate of consumption b> 
other manufatturing was assumed to be 5% per annum, in accordance 
with the Five-Year Plan . 

The planning penod for which these projections uw made 45 
years commencing in 1974, the year m which 
Five-Year Development Plan commenced Howwer, sincere bwe dm 
were for 1968, the projection penod actually used vns 50 
(1968-2018) Area cultivated, yield, population, imports 
for 2018 were used to estimate production ?o 

goods by kabupaten. and the differences yielded surpluses or deficits to 
be used as inputs for the esumation of traffic volume 


ptogramme wh,ch would encompass rcliabd.utiou 

construction To estimate the cost of road "''“^, 0 ° 

specify standards m terms of surface type and mdth 

volumes. With the evidence of an intermtionj 

by de Wedle and Angeles (!’«’)■ 

appropriate for up to 100 vehicles per day, seal CM are a 

asphalt eonaete for over 1000 vehteles per day Suitable “ 

pavement of 3 5 metres for up to 100 vehmles per day. 6 metres for 
100-2000 vehicles and 7 metres for over 2000 vcniciw 

Estimates of rehabilitation costs for individual roads in the province 
were available (KAMPSAX, 1969) 

The only technical data with which to estimate new construction 
costs were 1 250 000 official maps with 500 ! 

Local conditions were indicated qualiiativ cl> b> differcntuting flit, 
rolling and mountainous terrain Average per kilometre cost of the 
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weaxing surface, road base, foundation, earthworks, bndge building and 
right-of-way were calculated and summed for each rcrrain category and 
applied to each possible new link m the network Upgrading costs pet 
kilometre were calculated as the differences in construction cosxs or 
cost of additional requirements between two classes of road, assuming 
the mmal state to be m good repair, or, failing this, including 
rehabilitation osts 

The budgetary assumptions of the study were that a constant annual 
construction budget would be available for rehabilitation, upgrading 
and new construction and that maintenance costs ivould be allocated 
separately The actual sum assumed, 1100 million rupiahs per annum, 
was based on the first five-year development budget (1969—73) Any 
increase in government expenditure, therefore, would only arise from 
mereased maintenance work resulting from construction 

The fundamental concern of the whole exercise is the trade-off 
between investment in fixed roadway facilities and vehicle operating 
costs Therefore, it was necessary to evaluate the cost and performance 
of different classes of vehicle operating over roads of specified physical 
charactensucs 

The network was specified as pairs of directed arcs between nodes 
The output of later stages of the analysis gives flows over these arcs m 
tonnages of commodities A procedure was devised to convert these to 
movements of vehicles of sp^ified classes and load factors The soeed 
of vehicles of a given class and payload was found m terms of top 
speed, grade, alignment, surface conditions, traffic volume and capacity 
of each link. Speed and the characteristics of the link were then 
translated into fuel consumption, tyre wear, oil consumption, mam 
tenance, drivers’ time and depreciation costs per link 

The investment programming model 

The strategic setting for the work reported here is a three-stage foad 
investment programme in which an annual construction schedule for 
five years is based on a five-year network plan, which, in turn, is 
dependent upon a 25-year construction plan The works which should 
most advant^eously be undertaken at each stage can be determined by 
the appheauon of dynamic programmmg (Roberts, 1971) 

The long term 25 year network, is ^ected from among a set of ail 
feasible links in the network which have been designated using 
cngmceruig and economic judgement. For South Sulawesi these are 
shown m Figure 16 2 The configuration of the 25 year network chosen 
IS based on esomated demand for transport 20 years after construction 
(the customary lifetime of a road), which is 45 years from the base 
year Its fonn and extent is constrained by the available budget within 
the 25 year planning period and is deternuned as if all new and 
improved bnks were constructed m the 25th year using the accumu 
lated, undiscounted budget dunng the 25^ear period Potential traffic 
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Pi^ic l6 2 Iniual tKtwork confi^ratjon 


lu the 45th year is estunatsd on the basis of projections of production 
consumption, imports and exports 

(a) 45th*ye3f traffic on aJI possible links is initially approximated by 
Applying a compound growth rate to base jear traffic count data. A 
traffic volume is assigned to prospective new links in accordance wth 
the level of economic activity at the nodes u connects. Based on these 
first approximations, the standards of vanous links are specified 
according to the classification of standards fay volume With these data, 
the transport cost for each commodity on each link can be estimated A 
•ninimum path algorithm can then be used to determine the cost of 
'ransponing one unit of a commodity between each pair of nodes m 
the networic 

(b) Based on estimates of 45ilryear surpluses and defiats of each 
commodity in each kabupaten, the optimal flow of commodiuo on 
each link of the tentative network can be found wth a linear 
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programming formulation which allocates flows to links m such a way 
as to minimise total vehicle operating costs while satisfying a 
predetermined distribution of surpluses and deficits for M nodes 
(subscripted i,j) and K commodities (subscripted k) we can ivntc this 
as 


MINIMISE Z = J^ 

(1) 

subject to 


M 

(2) 

i?i ~ 

M 

(3) 


Xok>0 

(4) 


where Xyv = the flow of commodity k from area i to area j 
« the minimum transport cost between i and j for 
commodity k 
Djit sthe deficit ofkmj 
S It ■ the surplus of k m i 

Having obtained the distribution of commodity flows, the next 
operation is to route them through the network using the previously 
determined minimum cost paths, total flows on each link are found by 
summing over all commodities 

(c) Based on these total flows the road standard for each link can be 
revised and unit transport costs for each commodity on each link can 
be recalculated 

(d) From the tentative network with standards established in 
step (c), the links which should be constructed within the 25 year 
period can be chosen The objective is to determine the links that 
should be built to serve the potential traffic in the 45th year m such a 
way that the total vehicle operating costs m that year will be 
mmimised This is subject to the constraint that total construction cost 
must not exceed the accumulated budget for the 25 year period This 
simple objective was taken, as it presents us with a tractable problem 
given the available means of solution, despite the fact that it does not 
guarantee a global minimum over Ac entire planning horizon The 
problem can be written as a mixed mteger, linear programme as 
follows 

MINIMISE Y = X X*C* X.iC,^ 

(S) 
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subject to 




(forj=l,2, M.k*l,2, K) 

f6) 

J^x;,<U., (.JSN) 

(7) 

X* + x„ < U|;d„. (., e R) 

m 

2djPg<B 

(9) 

dg = 0 or 1 

(10) 

x;>*x;t,-x,i5>o 

(11) 


Where the unfamiliar variables and parameters arc 
Xik = the flow of commodic> from » toj if the road is not improved 
B iheadditionaiflowof Ktf ij is improved, above its initial capacit) 
Cyt a the unit transport cost of it on ij before improvement 
^ = the unit transport cost of k on y after improvement 
A)j * a constant equal to the difference in transport cost on ij before 
and after improvement for a traffic volume equal to the capacit) 
of the unimprov ed road 

« the upper capacity on y for both directions before improvement 
Ug * the additional capacitj of ij due to improv emcnt 
d|j * the decision varuble corresponding to the construction work on 
link y, d,( =■ 1 if y is constructed or improv ed otherwise =» 0 
N « all the existing links 

R = all road luiw that need consrroction work (rehabilirafion, 
upgrading or new construction) 

Pg = the construction cost of Imk ij 
B = the allocated budget 

Thus, the constraints have the followup inierprctations 

Equation (6) requires that for eadi commoditj the sum of shipments 

into a node plus the surplus ai the node should equal the amount of 

shipments from that node plus the deficit at that node 

Inequality (7) requires that if the road is not improved, then the total 

flow, m both directions on the hnk should not exceed the upper 

capacity limit of the unimproved road 

Inequality (8) requires that if the road is unproved the additional traffic 
should not exceed the additional capacit) 

(S>) IS the budgetary constraint, (10) constrains the decision varuble to 
unitv or aero and (11) r'^quu-es that there should be no negative flows 
on an) Jink 
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(e) Road standards for the 25th year links are redesignated based on 
the flows calculated in step (d) and unit transport costs for each 
commodity on each link arc recalculated 

(0 Using these new unit costs from step (c), steps (d) and (e) are 
repeated until there is no change jn the selected network or in the value 
of the objective function — m which case we have the best 25th year 
network. 

The fifth-year network is chosen from this 25th year network, based 
on the demand for transport m the 25th year Projections of 
production, consumption and population distribution in the 25th year 
can be used to estimate surpluses and deficits arid trade flows can be 
derived Knowmg the flows, the standard of each Imk can be 
established and the programming formulaDon can be applied to choose 
the 5ih year links wi&in the constiamt of the accumulated 5 year 
budget 

T^e hnks that should be built durmg the 5 year period must 
obviously be elements of the 5th year network The sequence of 
construction is established by workuig back from the 5th year The 
4th year network is selected, based on the accumulated budget for the 
first four years and on estimates of the distnbuuon of supplies and 
demands for commodities. Those works on the 5th year network that 
disappear from the 4th-yeaf network represent the construction 
programme during the Sih year In the same manner it is possible to 
esuolish those works which should be undertaken during the 4th, 3rd, 
2nd and 1st years 


Utibty of the model 

It must be clear diat the detenmnaoon of the Sth year and annual 
construction schedule mvolves merely the rcpeation of the method 
used for the 25-year network, therefore, only the results of the 25 year 
exercise arc presented here. 

The computational capaaty avaJable for solving the problem was 
somewhat limited and it was nccessaiy to reduce the extent of the 
network to which the procedure was apphed. The quahty of one major 
route m the syst^'m currently of high standard, was predetermined and 
several penphetal routes, deemed essential politically, were assumed to 
be built to the minimum standard and excluded firom the decision 
calculus The costs for these links were ascertamed and subtracted from 
the total budget. The reduced set of links is shown ui Figure 16 3, with 
the major predetermined route uicluded, as it was m the cvaluauon of 
the network. 

The outcome of the programme m terms of a 25th year road 
network is shown m Figure 16 4 Fifteen of the twenty links submitted 
to the proradure for appraisal were upgnided at a total cost of 7552 m 
rupuh, which left 72 m rupiah of the budget unassigned This soluoon 
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Figure 16 J The redueed network. 


tcfleca the dispersion of agricultural production and population which 
wzs assumed for Sulawesi at the turn of the ccntur> , pving rise to a 
tadia! smicrure of unproved roads focussing on the pons of Makasar 
and Parepare The generally broad level of improvements is a result of 
the generous budget assumed- The intncaie pattern of improvements m 
the central belt of the nerwsrrk reflects the jntncac) of the densely 
%eu\ei ctTi’cTa\ plain 

An important question on this kind of procedure coneems the 
scnsimity of the solution to the inputs used Tor example, within what 
range could unit vehicle operating costs be vaned without affecting the 
solution? Sensitivity anal>$is indicated that the unit transport cost 
could var> over a range about equal to the average magnitude of actual 
transpon cost without significarroy changing the results. This suggests 
that refinement of estimates of vThtcIe operating corn is not a critical 
tasC The solution was, however, found to be sensitive to slight changes 
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Figure 16 4 The twenty fifth y«r road network 


m the e5tiin3tes of surpluses and deficits indicating that effort should 
be concentrated here m order to unprove performance and validity 
The method might be construed by many as a heavy handed means 
of producing fairly obvious results However, wc can claim the metiis of 
c^iiat reasoning and ca/cuJations which make the procedure amenafc/e 
to improvement, simplification, and generaJisanon In addition, 
despite the lonmedute cmnpmtationa^ problems faced inthis study, the 
programming method used is not, m fact, excessive in its capacity 
requirements and can readily tackle much larger problems than the one 
posed here 
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Chapter 17 


Class Structure in a Capitalist 
Society and the Theory of 
Residential Differentiation 

David Harvey 


The theory of residential differentiation is desperately in need of 
revision Sociological explanations of residential differentiation (see the 
review by Timms, 1971) have never progressed much beyond elabor 
ations on the rather simplistic theme that similar people like to, or just 
do, live close to each other The seemtng complexity of sociological 
accounts derives from the difficulty of defining ‘similar’ and the 
difficulty of showing whether people are similar because they live close 
to each other or live close to each other because they ate similar The 
explanations constructed out of neo-dassicaJ economic theory are no 
less simplistic in that they rely upon consumer sovereignty and utility 
maximising behaviour on the part of individuals which, when expressed 
m the market context, produces residential differentiation Complexity 
in this case arises because it is not ea^ to give concrete meanmg to the 
utility concept and because it is possible to envisage a wide variety of 
conditions under which individuals might express their market choices 
Most thoughtful commentators on the matter have concluded that 
the problem lies in specifying the necessary relationships between social 
structure m general and residential differentiation in particular For 
example, Hawley and Duncan (1957, p 342) remark that 

‘one searches m vain for a statement explainmg why residenoal areas 
would differ from one another or be mtemaLy homogeneous The 
elaborate discussion of social trends accompanying urbanization is 
nowhere shown to be relevant to this problem ’ 

Most attempts to integrate soaal theory and the theory of residential 
differentiation have produced, m fact 

‘not a smgle integrated thcoty, connecting residential dsffercntuaon 
with societal development, but, rather, two quite distinct theories 



Class Structure and Readential Differentiation 355 

which are accidentally articulated to the extent that they happen to 
share the same operational methods ’ 

The problem here lies in part in the realm of methodology Plainly, it 
IS mappropnate to speak of residential differentiation causing or being 
caused by changes m the total social structure, while a functionalist 
language, although somewhat more appropriate, is so dominated by the 
notion of harmonious equilibrium that it cannot deal with the complex 
dynamics and evolutionary character of a capitalist socict) Yet most 
analysts have been trapped into the use of an mapproprialc causal or 
functionalist language when they have dared to \cnture beyond 
statistical descriptions All of this has produced an enormous amount of 
material on a variety of facets of the residential difTcrentiation 
process, but no due is provided as to how this material might be 
inflated into general social theory 
The Marxian method, however, founded m the philosophy of 
internal relations (Oilman, 1971), is fashioned precisely to provide a 
coherent methodology for relanng pans to wholes and wholes to pans 
Indeed, the central conception in Marx’s \crsion of the dialectic was to 
view things rdationally in order that the micgnty of the relationship 
between the whole and the part should ^ways be marntarned 
Consequently, Marx criticized the categories of bourgeois social science 
on the CTOunds that they are abstractly fashioned ivitheut reference to 
the ‘relations which link these abstractions to the totality’ (Oilman, 
1973, p. 495) Marx’s abstractions are of a different kind for they focus 
on such things as social relations Relatively simple structures might be 
isolated from the whole for purposes of analysis, but 

'What IS decisive is whether this process of isolation is a means 
towards understanding the whole and whether it is integrated within 
the context it presupposes and requires, or whether the abstract 
knowledge of an isolated fragment retains its autonomy ’ and 
becomes an end in itself (Lukacs, 1968, p 8) 

The theory of rcsidcntu! differemulion has never been subjected to 
an analysis from a Marxian standpoint and it is predictable, therefore, 
that the ’theory’ consists of an incoherent mass of 'autonomous’ bits 
and pieces of information, arrived at by means of studies each 
conceived of as an end in itself and each conceived m terms of 
relationships speafied in a causal, functional or empmcist language 
Cwnth all the imitations that each of lliesc imposes/ Ana* ir is 
prcdiaablc that attempts to integrate this material into some general 
social theory would meet with Iitde or no success. In this essay I shall 
therefore attempt an outline of the relation between residenual 
differentiation and social stnicture Such an investigation is bound to 
be preliminary and sketch) at this stage But I shall hope to show where 
the kc) relations he and thereby indicate where we have to look for a 
revision of the theory of residential diffctennation that will make sense 
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We will begin wth an analjsB of the forces creating class structure in 
advanced capitalist society 


Qass and class sinicnirc 

Theoncs of class and class structure abound Marc and Weber laid the 
basis and a host of contemporar) interpreters have added insights, 
glosses, reinterpretations and. it mxist be added, mystifications Rather 
than attempt a synthesis of this work. I shall sketch in a theory of class 
which derives primaril) from a reading of Marx and secondarily from 
adapting materials from Giddens (1973) and Poulantzas (1973) 

A central tenet of Marx’s historical and materialist method is that a 
concept such as ‘class’ can take on a meaning only m relation to the 
historical context in which it is to be applied ’Class' has a contingent 
meaning depending upon whether we are constdenng feudal, capitalist 
or socialist modes of production Qass theory is not, therclore, a 
nutter of identifying a fixed set of categories which are supposed to 
apply for all times and places The relational view of class which Marx 
espouses focuses our attention on the forces of ’class structuration’ (as 
Giddens, 1973, calls them) which shape actual class configurations In 
the context of the capitalist mode of production, however, 'class’ has a 
more speafic meaning which relates to the basic socu! relanonships 
pertaining in capitalist society The forces of class STTucmration undet 
capitalism are identical to those conutned in the dynamics of 
capitalism, hence arises a necessary relation between the evoluuon of 
capitalist socieues and the evoluuon of social configurations 

Marx argues that the basic social relationshipinthm capitalism is a 
power relation between capital and labour ^is power relation is 
expressed directly through a market mode of economic integration 
Thus the proportion of national product set aside to ‘ivages’ and 
‘profits’ (whi^ includes rents and interest) is determined by the 
outcome of a class struggle between the representauves of labour (now 
usually the umons) and capital (usuall) the employers) Marx also 
argues that the power rclabon between the two great classes m society 
can be understood only in terms of the particular hiSToncal conditions 
achieved with the emergence of the capitalist order Thus labour power 
has to assume a commodity character which means that it can be 
freely ’ bought and sold m die market and that the labourer has 1^ 
nghts over the disposiuon of bis or her labour Ownership and control 
over the means of production gives capital its power over labour since 
the labourer has to work in order to live and the employer holds 
control over the means of work. A relatively suble power rdaoon 
between capital and labour requires for its mamtenance a wide variety 
of mstituuonal, legal, coeravc and ideological supports, most of which 
arc either provided or managed through state instituoons 

The power relation between capital and labour may be regarded as 
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the pnmary force of class structuration m capitalist society Howc\er, 
this force does not necessarily generate a dichotomous cla» structure 
The two-class model which Mart presents in Volume 1 of CapiUl is an 
assumed relation through which he seeks to lay bare the exploitative 
character of capitalist producuon - it is not meant as a dwenpoon ot 
an actual class structure (Marx, 1967 edition, Vol 1, 44, 167 
508-10, Vol 2, 421) Marx also distinguishes bctivcen the roles ot 
capital and labour and the personifications of those roles the 
capitalist, although functioning as a mere personification of capitiU 
much of the time is still a human being The concepK 
‘class role’ function in Capital are analytic constructs e , 

used the dichotomous model of class structure ^ if it ha an P 

content and m his more programmatic writings he msisis that 

will be achieved only through a class struggle that pits the capitalist 

cc . no. .o — .ho 

ocploitativc charaettr of capitalist socicni to the capital labouyclanon 
and he also traced the innutnetablc manifestations of f ° 
this one fundamental source These negative aspects of 
could be transcended m Marx’s vtetv only by 
relation which permitted the dommauon of labour T P loueht 
analytic constructs of Captul consequently become 
to be) constructs m his programmatic votings ^ then both the 

of the 'clL interests’ of lompenproletamt. '"dusmal P 

bourgeoisie, indusmalisa finaneiets. a taded ’ 

peasantry. In using this more complex model “""?“"'.me 

hlatx wi plainly not saying tfia. Ftanee s»! not 'X 

He was su^esting, talhcr, ‘batcapitalismhadevolied at top«i 1 
time and m that panicolar place to a stage in j 

(often of a mvopic and non revolutionary sort) could 
SysSliS arouTforccs other than the fundamental po«^ relation 

'^Hreo'rme’n^l&.c these forces ^-"TTs^/lS 
SSTr ;Cjy“ mSttaTr^'s^'meCmieally prior mode of 
ptoduetion, ot fmm ^e of m”.»l!sm 

[rese'Si'aTfeTt^^"?"-'^ 
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the initial penetration of capitalist social relationships The geographical 
expansion of capitalism mto a global system has also created residuals 
The patterns of dominance and subscwience associated with colonial 
ism and nco-colonialism are products of an intersecuon between the 
forces of class structuration in a dominant capitalist society and forms 
of social differentiation in subordinate ‘traditional' societies Residual 
elements may disappear with tune or be so transformed that they 
become almost unrecognisable But they can also persist. And msofar as 
transformed residuals become meorporated mto the social structure of 
advanced capitalist societies, they help to explain the existence of 
‘transitional classes* Landlordism, preserved m a capitalist form, or a 
group subjected to nco-colonial domination and transformed into a 
relatively permanent ‘underclass’ (Blacks, Puerto Ricans and Chicanes 
m the United States, for example) are the kinds of features m a soaal 
configuration that have to be explauicd in terms of the residual forces 
of cl^s structuration 

The other forces of class structuration derive from the dynamics of 
capitalist society These ‘daivative forces’, as we shall designate them, 
ansc because of the necessities genemtd by the need to preserve the 
processes of capital accumulation through technological innovation and 
shifts in socul orranisation, consumption, and the like We can identify 
five such forces (following Giddens, 1973) and we will consider them 
briefly in turn. 

The dtvtsion of labour and specialnatton of function 
The expansion of production requires improvements m labour product 
ivity and m the forms of mdustnal organisation, communication 
cx^ange and distnbution These improvements usually mean an 
mcteasuig division of labour and spectahsauon of funcoon As the 
technical and orpnisaaonal basis of society changes, so there must be 
concomitant shifts in social relationships which create the potential for 
social differentiation. The disuncuon ^tivcen manual and inteUecnial 
work, for example, may be reflected m the social distinction between 
blue^ollar and white-collar workers Ar the same time the growing 
complexity of economic organuation may require the emergence of 
specialised financial intermcdianes m *e economy (banking and other 
financial institutions) which may be reflected m distinctions between 
financiers and mdustnalists within the capitalist class as a whole The 
division of labour and specialisation of function may fragment the 
proletanat and the capitalist class into disDnenve strata Social conflict 
may take place between strata and thus replace class struggle in the 
Marxian sense as the guiding principle for social differentiation 

Conzumpuon classes or dtstnbutne ffoupings 

The progress of capitalist accumulation may be inhibited by the lack of 
an effective demand for its material products If we leave aside the 
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growth of demand inherent in demographic grotith and tapping export 
markets, effective demand depends upon the creation of an intemaJ 
market to absorb the mcreasmg quantities of material product Marx 
(1973 edition, 401—23) argues that the creation of new modes of 
consumption and of new social u'ants and needs is essential to the 
survival of capitalism — otherwise capital accumulation faces an 
impenetrable barrier of fixed demand which means overproduction and 
crisis. Malthus (1951 edition, 398—413), m first proposing a version of 
the Keynesian theory of effective demand, had argued that the 
existence of a class of ‘conspicuous consumers’ (pnmanly the landed 
aristocracy m his time) was a necessity if sufficient effccoic demand 
Were to be sustained to permit the accumulation of capital Maldius’s 
perspective is an mteresting one. Not only does he suggest that speafic 
mechanisms have to be employed to stimulate consumption, but that 
certain consumption classes have to exist to ensure sustamed con 
sumption. If this is the case, then social differentiation arises m the 
sphere of consumption Disnnctive ‘consumption classes’ or 'distnb- 
uiive groupings’ are therefore ^und to emerge in the course of 
capitalist history (Giddens, 1973, 108—10) Since it is cmpincaJIy 
observable that ‘life^Ic’ and consumption habits vaiy across different 
strata in the population and since this is an important differennanng 
feature m modem soaety, we may conclude that the emergence of 
distinctive consumption classes is inherent in the d) nanucs of capitalist 
Society Socul differentiation can be smicrured, therefore, according to 
distribution and comumpoon cniem (Marx 1973 ed , 402) 

Autbomy relations 

The non-market mstitutions in society must be so ordered that they 
Sustain the power relation between capital and labour and serve to 
organise production, circulation and distribution Marx (1967 edition, 
Vol I, 330—33) argues, for example, that cooperative activnt) in 
production requires a ‘direenng authont> ’ and that as capitalist 
production becomes more elaborate, so a specialised group of 
workers — administrators, managers, foremen, and the like — must 
assume an aulhonty role in the direction of production For the 
economy as a whole these ‘mamgement’ functions largely he m the 
sphere of state aciivji) — understoM as the collective amalgam of legal, 
administrative, bureaucratic, military and political functions (Miliband, 
J.969,> WiSihAf xhis jpihcre.. and within the corooratc enterprise, 
authority relations arc the basis for socul reliiionihips In general, the 
structure of authority relations u coherent with the necessities imposed 
by the dynamics of accumulation within a social system oiganised 
along capitalist lines. But theauthonqrrelationsappear independent of 
the relation between capital and labour and indeed are, to a certain 
degree, autonomous in their functioning The structure of authont) 
relations can. therefore, provide a basts for social differentiation within 
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the population Marx (1969 cd , 573) thus wntes about the significance 
of ‘the constantly growing number of the middle classes [who] stand 
between the workman on the one hand and the capitalist and landlord 
on the other’ 

Class consciousness and ideology 

Marx argues that a class wiU become an observable aggregate of 
individuals only when that aggregate bunes all the differences withm it 
and becomes conscious of its class idcntit) in the struggle between 
capital and lahour Smee capitalism has evolved and survived, then 
presumably it has m part done so by an aenve intervention in diose 
processes whereby ‘class consciousness' in the Marxian sense is created 
There is, as it were, a struggle for the ‘nund’ of labour between, on the 
one hand, a political class consciousness directed towards the tran 
scendence of the capital labour relation and, on the other hand, states 
of ‘social awareness' which allow of social differentiations consistent 
with the accumulation of capital and the perpetuation of the 
capital labont rtlation. The snuggle for the nund of laboui vs a pohtieal 
and ideological struggle Marx considered that, in general, the ruluig 
ideas in society are ever the ideas of the ruling class Mass literacy and 
mass education have the effect of exposing the masses to a dominant 
‘bour|eoi$' ideology which seeks to produce sutes of consciousness 
consistent with the perpetuation of the capitalist order Mass culture, or 
what Marcuse (196S) calls ‘affirmative culture’ has the function of 
de*politicising the masses rather than enlightening them as to the real 
source of abenation in society 

Certain parallel processes can be observed m the political sphere The 
survival of capitalism necessitates an increasing state interventionism 
which, far from bemg neutral, actively sustains the power relation of 
capital over labour In a given instance the state may throw Its weight 
to the side of labour in order to restore some kind of balance between 
profits and w-ages, but state intervention is never geared to the 
transcendence of the capital labour rdation. Yet the state appears to 
be neutral In part this appearance is real, for state institutions 
frequently arbitrate between faaions of the ruling class (between 
finanaers and industrialists, for example) and between strata in the 
working population The separauon between the economic and 
political administrative spheres which typically arises under capitalism, 
also permits the slate to appear as a neutral party m economic conflict 
At the same time the prospects for legal and political equality held out 
in the political sphere tend to divert attention from the inevitable 
subordirution of labour to capital in the market place Thu separation 
between ‘economy’ and 'polity' has been, as Giddens (1973, 202-7) 
pomts out, a fundamental mediating mfluence on the production of 
class consciousness and social awareness m capitalist soaet) It 
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typically feeds ‘trade union consciousness’ on the part of labour ^d a 
distinctive kind of ‘middle class awareness’ on the part of mtermcdiate 
groups m the authority structure whidi focuses on avil and political 
hberties to the exclusion of questions of economic control ^ . 

Political and ideological struggles, and the manipulation of both, 
have great sigmficancc for understanding the states of consciousness o 
various strata within the population Only in terms of such conscious 
ness can we explain how and why a particular problem (say, 
unemployment) will elicit as a response conflict bcwxen capital and 
labour rather than conflict within labour The second type o con i 
might be between, say, the regularly employed and a largely uhot- 
ploycd ‘underclass’ which may ^so be a racial or ethnic minority 
first kind of conflict poses a threat to the capitalist order, whereas the 
Utter kind of conflict does not It is obviously m the 
capitalism to transform conflict of the first sort into con ° 
latter variety Consequently, bourgeois ideology and po itics typ y 
seek to forge a consciousness favourable to the perpetuation 
capiialiK order and actively seek out ways to draw social distmcnons 
along lines other than that between capital and labour 

Mobility chances . 

The accelerating pace of change m the organisation of 

exchange, communication and consomption, 

adaptability in the population Individuals must be prep 

their skills, geographical locations, consumption habits, and tte lixc 

This meam fha? mobility chances must al.vays be fcscnt wnth m the 

population Yet a completely ‘open’ society as far ^ 

concerned would undoubtedly create considerable iiwtabi ty 

to give social stability to a society in which social change is nccesu^, 

some systematic way has to be found for urganising 

This entails the structunng of mobUity chances in certain important 

"”fn capitalist society, mobility is organised so that 

takes place between one stratum ivithin the division ’ 

anothe? (from say, the manual to the whue<olIat categoiy) The 

mechanisms for achieving this ■controlled' kind 

he in part in the differential disinbution (both socially and 

ally) of opportunities to acquire what Giddens (1973. 103) 

‘muket canacitv’ - that bundle of skills and attributes which permits 

indmduals’io matket their labour pmter waihin 

catetrones or to operate in certain functional roles Restrictions ana 

batrfers to mobllil^ chances give nse to sMul 

as nrofessional croups, for example, ha%e better access to tne 
acquisition of mSt^capacity for iheir children, a pfof«ional class 
m?y become self perpetuating Once iniergeneralional mobilio 
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linuted, social distmcnons become relatively fixed features in the soaal 
landscape and provide the possibili^ for the crystallization of social 
differentiation wthm the population as a wdiole 

The argument so far suggests that we can identify three kmds of 
forces making for social differentiation wiihm the population 

1 a pnmaiy force arising oat of the power relation between capital 
and labour. 

2 a I’anety of secondary forces arising out of the contradictory and 
evolutionary cbaracter of capitalism which encourage social 
differentiation along lines defined by (a) the division of labour 
and specialisation of function, (b) consumption patterns and life 
style’, (c) authority relations (d) manipulated projccQons of 
ideological and pobtical consaousness and (e) barriers to mobility 
chances and 

3 residual forces reflecting the social relations established in a 
preceding or gcographu^Iy separate but subordinate mode of 
producoorL 

In general we can see a perpetual struggle amongst these forces 
between those which aeate class configurations antagonistic to the 
perpetuation of the capitalist order and those which create social 
diuetentutioiu favourable to the replication of capitalist souety 


Residential differentiation and the social order 

The accumulation of capital on a progressively increasing scale has set 
in motion a disnneave and rapidly acceleratmg urbanization process. 
The distinctive features of this process need not delay us here <see 
Harvey, 1973, Castells, 1972 Lefebvre, 1970 1972) For the purpose 
at hand it is suffiaent to note the progressive concentration of the 
populauon m large urban centres There has been a parallel fragment 
auon of social structure as the pnmaiy, residual and denvame forces of 
social diffcrentution have interacted over a century or more Let us 
now locate these processes of propessive concentration and social 
fragmentation in the built eimronment we call the city, and fashion 
some basic hypotheses to connect residential differentiation with soaaJ 
structure Four hypotheses can be stated 

1 residcntul differentiation is to be interpreted m terms of the 
reproduction of the social rehoons wtthm capitalist society 

2 residential areas ( neighbourhoods', ‘communities’) provide 
distinctive milieus for social mtcraction from which mdmduals to 
a considerable degree denve their values expectations, con- 
sumption habits market capaaties and states of consciousness 

3 the fragmentation of large concentrations of population into 



Class Structure attd Residentiil Differentiation 363 

distincove communities serves to fragment ‘class consciousness’ in 
the Marxian sense and thereby frustrates the transformation from 
capitalism to socialism through class struggle, but 
4 patterns of residential differentiation reflect and incorporate 
many of the contradictions ui capitalist society, the processes 
acating and sustaining them are consequently the locus of 
instability and contradiction 

These hypotheses, when fleshed out and if proven, provide a 
necessary link between residential differentiation and the social order 
In the short space of this chapter, I can only sketch m a very general 
argument m support of them 

Residential differentiation in the capitalist city means differentia! 
access to the scarce resources required to acquire ‘market capaaty' 
(Giddens, 1973, Harvey, 1973, Chapter 2) For cvamplc, differential 
access to educational opportunity — understood in broad terms as those 
experiences derived from family, geographical neighbourhood and 
community, classroom and the mass media - facilitates the mter- 
generational transference of market capacit)' and t> pically leads to the 
restriction of mobility chances Opportunities may be so structured 
that a white collar labour force ts ‘reproduced’ m a ivh/te collar 
neiehbourhood, a blue collar labour force is ‘reproduced’ in a blue 
coUar neighbourhood, and so on The communit)- is the place of 
reproduction in which labour power suitable for the place of 
production is reproduced This is a tendencj only, of course, and there 
are many forces modifying or even offsetting it And the relationships 
are by no means simple Market capacity, defined in terms of the abilit> 
to Undertake certain kinds of functions within the division of labour, 
comprises a whole set of attitudes, values and expectations as well as 
distinctive skills. The relationship between function and the acquisition 
of market capacity can sometimes be quire tight — thus miners are for 
the most part reproduced in mining communities But in other cases the 
relationship may be much looser — a white collar grouping, for 
example, comprises a wide range of occupational categories but it is still 
differentiable, both socially and spatially, from other groupings 

Residential groupings which reproduce labour power to meet the 
needs of an cxisong division of labour may also form a distinctive 
grouping from the standpoint of consumpaon Such a coalescence gives 
residential differentiation a much more homogeneous character One 
thread of necessity as opposed to contingency in this relationship lies m 
the consumption of education which unifies a ‘consumption class’ with 
a grouping based m the div tsion of labour This thread is too slender to 
hang a proof on (although in the United States the connections 
between residential diffcreniiauon and the qualit> of education are 
'er> strong and a constanr source of conflict and socul tension) The 
full story rests on showing how amtudes generated out of the work 
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expciienct imply cctusn panltel attitudes m the consumption sphere 
To trace this connection is difficult, but it appears reasonable to 
suppose that the quality of the work experience and the attitudes 
necessary to perform that work under speciHc social conditions must be 
reflected, somehow or other, by attitudes and behaviours in the place 
of residence. 

The relationships between values, consciousness, ideology and life 
experiences arc crucial ~ and they arc the most profoundly difficult to 
unravel Prom the standpoint of the creation of residential diffcrcn* 
tution. It IS plain that indivaduals do make choices and do express 
preferences. To sustain the argument, therefore, I have to show that the 
preferences and \ alue systems, and perhaps e\ cn the choices themselves 
arc produced by forces external to the indiv idual's will The idea of an 
autonomously and spontaneously arumg consumer sovereignty as the 
explanation of residential differentiation could be fairly easily disposed 
of (even though it is the prevalent m>nh that underlies conventional 
theones of residential differentiation) Dut it is more difficult to know 
what exactly to put m its place And it is far too glib to attribute 
everything to the blandishments of the ‘ad men’, howeva, important 
they may be 

If we ask, however, where peoples’ values come from and what is it 
that creates them then it u plain that the communiiy provides a social 
milieu out of which distinctive value ^sterns, aspirations and expect 
ations may be drawn The neighbourhood is, as it were, the pnmaty 
source of socialisation experiences <Ncv«on and Newson 1970) 
Insofar as residential differentiation produces distinctive communities 
we can expect a disaggregation of this process. Working class neighbour 
hoods, for example, typically ‘produce’ individuals with values con 
duave to being m the working class and these values, deeply embedded 
as they are in the cognitive, linguistic and moral c^es of the 
community, become an integral part of the conceptual equipment 
which mdividuals use to deal with the world {Giglioli, 1972) The 
stability of such neighbourhoods and of the value s) stems that 
characterize the people in them have been remarkable considering the 
dynamics of change in most capitalist aties The reproduction of such 
value systems fac^itates the reproduction of consumption classes as 
well as groupings with respect to the division of labour while it also 
functions to restnet mobility chances Values and attitudes to 
education, for example, vary greatly and affect the consumption of 
education — one of the mam means for obtaming mobility chances 
IRobson 1969) The homogemsation of We cxpenences which this 
restriction produces reinforces the tendency for relatively permanent 
social groupmgs to emerge within a relaovely permanent structure of 
residential differentiation Once this is translated mto a social awareness 
that has the neighbourhood or community as the focus and once this 
form of social awareness becomes the basis for pohocal acoon, then 
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‘community consciousness’ replaces ‘class consciousness {of the 
Marxian sort) as the springboard for action and the locus of soaal 

Once such groupings form it is relatively easy to understand how the> 
may be perpetuated But we also have to understand the history of rach 
groupings because contemporary social differentiations ha^e been 
arrived at by successive transformations and fragmentations o 
preceding social configurations The reciprocity exhibited m working 
class neighbourhoods is to a large degree a defensive dev ice constructed 
out of the transformation under capitalism of a well tned and ^^cient 
mode of cconormcmtegration (Hanrcy, 1973 Chapter 6) In the Unite 
States immigrant waves at particular periods m the evolution ot tnc 
capitalist division of labour gave a strong ethnic flavour to certain 
occupancnal categories as well as to certain residual neighbourhoods 
both persist to the present day The continued domination of blacks 
folloivinz the transformation of slavery, and the more mo ern 
neo-colonial domination of Puerto Ricans and Chicanes has produced 
the ghetto as a 'Third World Colony’ in the heart of the Amcncan city, 
and It IS broadly true that the ‘underclass’ in Amencan 
identified with neo-colomal repression based in racism (Blaut ; 
The historical roots of social and residenual differentiation are 
important. But then so also arc the processes of social transformation 
that produce new socul groupings within a socul configuration 

Consider, for example, the emergence of a disunccve mddle dKS . 
literate and skilled m mental labour, possessed of dominant 
bourgeois ideology that McPherson (1962) felicitously calls posse«r\e 
individualism’, attached as a consequence to certam distinctive modes 
of consumption, imbued with a political view that focuses on civ an 
political liberties and instilled with the notion that economic advmc^ 
ment IS solely a matter of individual ability, dedicanon and per 
ambition (as if everyone could become a successful doctor, w. 
manager, and the like, if they only med hard enough) The emergent 
of such a middle class over the past century- or so has berome 
into the city by the creation of disancuve middle class neighbourhoods 
with distinctive opportunities to acquire market capacity In i^re 
recent times affiuent workers and white collar 
encouraged to copy the middle class life style And in the ^erican 
aty thisVocess has been assoaated since the 1930$ in particular with a 
strong suburbanisation process How do wr explain the way m whi^ 
the emergence of such socul groupings relates to the process ot 
residential differentiation’ 


TTie answer to this question depends in part upon an under^ndmg 
of the processes whereby residential differeniiati 


.. the processes svheteop testoeosiol differennitioi. u 
oreamsauon of forces external to the individual or even to the 
eoliective will of the pstneolsr socul eioumng These 
back over a relatively long time penod and it i$ probably the case mat 
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residential differentiation m the contemporary sense svas well estab- 
lished in most major cities m both the United States and Britain by 
1850 In certain basic respects the processes have not changed however, 
for we still have to turn to the examination of the activities of 
speculator-developers, speculator landlords and real estate brokers, 
backed by the power of financial and governmental institutions for an 
explanation of how the built environment and residential neighbour 
hoods tac actuaWy prodMctd \ have attempted a fuU description of this 
process m the American city elsewhere (Harvey, 1974) and so I shall 
merely offer a summary of it here 

Financial and governmental institutions are hierarchically ordered by 
authority relations broadly consistent with the support of the capitalist 
order They function to coordinate ‘national needs’ (understood m 
terms of the reproduction of capitalist society and the accumulation of 
capital) with local activities and decisions — in this manner, micro- and 
macro-aspects of housing market behaviour arc coordinated These 
institutions regulate the dynamic of the urbanisation process (usually in 
the interest of accumulation and economic crisis management) and also 
wield their influence m such a way that certain broad patterns m 
residential differentiation arc produced The creation of distinctive 
housing sub-markets (largely through the mortgage market) improves 
the efficiency with which institutions can manage the urbanisation 
process. But at the same time it limits the ability of individuals to make 
choices Further, it acates a structure which individuals can potenually 
choose from, but which individuals cannot influence the production of 
If residential differentiation ts m large degree produced, then 
individuals have to adapt their preferences The market mechanism 
curtails the range of choice (with the poorest havmg no choice since 
they can take up only what is left over after more affluent groups have 
chosen) The shaping of preferences of more affluent groups poses a 
more serious problem The ‘ad man’ plays an important role and 
considerations of status and prestige arc likewise important Consider, 
also, a white collar worker forced to suburbanise (by a process I have 
elsewhere dubbed ‘blow out’ — Harvey, 1973, Chapters) because of 
deteriorating condmons m the inner city, the preference m this case 
may be a somewhat shallow post hoc rationalisation of a ‘choice’ that 
really was no choice Dissatisfaction within such a group can easily 
surface For example, a suburbanite angered by the prospect of gasoline 
shortages and recollecting the ‘convenience’ of mner city living 
complains that 'wc have all been had’ because in order ‘to mould into 
the lifestyle dictated by builders, developers and county planners. 1 
have no choice but to provide my family with nvo automobiles’ — one 
to get to work and the other to operate a household (Baltimore Sun, 
11th February, 1974) The consumption values attached to suburban 
living arc plainly not open to choice once the location decision is made 
and that decision may itself not be the outcome of a real choice 
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Indeed, a strong argument can be made that suburbanisatjon is a 
creation of the capitalist mode of production in very spcafic uays 
First, suburbanisanon is actively produced because it sustains an 
effective demand for products and thereby facilitates the accumulation 
of capital Second, the changing dnnsion of labour in capitalist soaety 
has created a distinctive group of white «illar workers who, largely bj 
virtue of their btcracy and their work conditions, are imbued with the 
ideology of competitive and possessive individualism, all of which 
appears uniquely approprutc for the production of a mode of 
consumpnon which we typically dub ‘suburban* It is intriguing to note 
that since the 1930s the United States has experienced die most 
sustained rate of economic growih (capital accumulation), the greatest 
growth in the white collar sector and the most rapid rate of 
suburbanisation of all the advanced capitalist nations These 
phenomena are not unconnected 

We can, thus, mterpret the ‘preference* for suburban Imng as a 
created myth, ansmg out of possessive mdmduaJisni nurtured by the 
‘ad man* and forced by the logic of capitaJist accumulation But like all 
such myths, once established it takes on a certain autonomj out of 
which strong contradictions may emerge The American suburb, formed 
as an economic and social response to problems mrema) to capitalist 
accumulation, now forms an entrenched barrier to social and economic 
change The political power of the suburbs is used conservatively, to 
defend the life style and the privileges and to exclude unwanted 
growth In the process a deep irrationaLty emerges m the geography of 
the Capitalist production system (rcsidenml and job opportu/irtics may 
become spatially separated from each other, for example) The 
exclusion of further growth creates a further problem for if a 
‘no-growth* movement gathers momentum, then how can effective 
demand and capita! accumulation be sustained’ A phenomenon created 
to sustain the capmlist order can m the long run work ro exacerbate its 
internal tensions. 

This conclusion can possibly be extended to all aspects of social and 
residential differentiation The social differentiations reproduced within 
the capitalist order are so structured as to facilitate the reproduction of 
the social relations of capitalism As a result 'community consciousness* 
rather than ‘class consciousness’ in the Martun sense is dominant m the 
capitalist city In this fashion the danger of an emergent class 
consciousness in the large concentrations of populaoon to be found in 
urban areas has been averted by the fragmentation of class conscious 
ness through residcntul differentiation But ‘communit> consciousness 
with all of Its parochialisms, once created, becomes deepiv embedded 
and it becomes lust as difficult to piece it together in a configuration 
appropriate to the rutionai inrerest fas perceived from the standpoint 
of capital accumulation) as it is to transform into a class consciousness 
antagonistic to the perpetuation of the capitalist order In order. 
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therefore, to maintain its own dynamic, capitalism is forced to disrupt 
and destroy what it initially created as part of its owm strategy for 
self preservation. Communities have to be disrupted by speculative 
activity, growth must occur, and whole residential neighbourhoods 
transformed to meet the needs of capital accumulation (Harvey, 
1975) Herein he both the contradictions and the potentials for social 
transformation m the urbanisation sphere at this stage m our history 

Residential differentiation is produced, m its broad lineaments at least 
b> forces emanating from the capitalist production process and it is not 
to be construed as the product of the autonomously and spontaneously 
arising preferences of people Yet people are constantly searching to 
express themsehes and to realise their potentialities in their day to^ay 
life-experiences in the work place, in the community, and in the home 
Much of the micro-variation in the urban fabric testifies to these ever 
present impulses But there is a scale of action at •■diich the indwidual 
loses control of the social conditions of existence m the face of forces 
mobilised through the capitalist production process (in the community 
this means the congeries of interests represented by speculators, 
developers, financul instinitiofis, big government, and thehke) It is at 
this boundary that indivaduals come to sense their owm helplessness in 
the face of forces that do not appear amenable, under given 
institutions, even to collectne politiol mechanisms of control Asvre 
aoss this boundary vve move from a situation in which individuals can 
express their individuality and relate m human terms to each other, to 
one m which individuals have no dioice but to conform and m which 
social relations between people become replaced by market relations 
between things 

Residentid differeniiaaon at this latter scale play's a vital role m the 
perpetuation and reproduction of the alienating social relationships of 
capitalist society Yet m the process of seeking stratagems for 
self perpetuation, the forces of capitalist accumulaoon create value 
systems, consumption habits, states of awareness and political consaous 
ness and even whole built environments, which, with the passaee of 
time inhibit the expansion of the capitalist order The permanently 
revolutionary charaCTer of capitalist soacty pcrpenially tears down the 
barriers it has erected to protect itself The constant re-shaping of urban 
environments and of the structures of residential differentiation are 
testimony to this never-ending process Instead therefore, of regarding 
residential differentiation as the passive product of a preference syston 
based in social relationships we have to see it as an mtegral mediating 
influence in the processes whereby class relationships and soa^ 
differentiations are produced and sustamed. It is dear, even at this 
prdiminaiy stage m the analysis that the theory of residential 
differcnnaQon has much to offer as w^U as to gam from a thorough 
going integration with general social theory 
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Human Geography 



Chapter 18 


Simple Epidemics in Human 
Populations: Some Geographical 
Aspects of the Hamer-Soper 
Diffusion Models 

Peter Haggett 


Introduction 

In 1906, the English epidemiologist. Sir Udliam Hamer, described i 
simple mathematical model of the way in which epidemics diffuse 
through a human population In the succeeding sesent) odd >cars, 
Hamer’s mode! has been greatly enridicd and extended by a succession 
of distinguished epidemiologuts and mathematicians Its original 
deterministic form has been replaced by more realistic stochastic 
assumptions and its structure has been enlarged to accommodate 
complex multi-stage diseases like malaru But despite the gains made 
this class of models Tem2ins geographically somewhat naive, lc the 
models arc dominantly aspatial or introduce space only m a simple and 
limited way 

Actual observation of epidemics shows them to hast a complex and 
intricate geographical pattern For example, studies of the ongin and 
spread of the 1832, 1849, and 1866 cholera epidemics in the United 
States led P}le (1969) to recognise two distinct spatial processes, a 
linear spread following the inland waterwajs and a hierarchical spread 
from large cities to small Gilg (1973) studied the spread of the 
1970—71 fowl pest epizootic m England and Wales, finding a 'threshold 
wave’ rather than a *muItiplc-innos:acion centre’ diffusion pattern. 
Studies of multiple epidemics of measles in South-west England 
conducted at Bnstol Unncrsit> (Haggett 1972. Qiff, Haggett, Ord, 
Bassett and Davies, 1975) show a swash-and-backwash cjdc of 
outbreak and retreat around the endemic pacemaker centres of Brutd 
and Plj-mouth 
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So far, the study of epidemics as a large-scale spread phenomenon (as 
distinct from the small-scale clinical problem) has proceeded along 
rather separate Imes — abstract model building on the one hand, 
empirical case studies on the other In this essay wc look at \vays in 
which some progress can be made towards twining the two strands into 
hybnd spatial models Ideally, such hybnds should retain something of 
the mathematical rigour and generality of the one while catchmg some 
of the geographical detail of the other 


The Hamer— Soper models 

In this first section we introduce some basic definitions and define the 
Hamer— Soper model in its simplest form 

Deftmtions epidemics systems and models 

By epidemic we refer to a phenomenon that imades a population and 
spreads through it at particular times, in contrast to one which is always 
present (endemic) m a population Although contagious diseases are 
used here to illustrate epidemic processes it is worth notmg that the 
original use of the term is enurdy general (epidemic means literally, 
'close upon the people') Much of what we discuss here is also 
appropriate to ocher diffusion processes, such as the spread of rumours 
or technical innovations Dietz (1967) provides a review of epidemic 
theory in both the traditional disease meaning and in these wider fields. 

A set of components relevant to an epidemic together with the links 
between them form an epidemic system For example, we should 
expect the system desaibii^ an influenza outbreak to include 
components describing the density of a population its age and sex 
structure and its geographical distnbution within any area affected A 
model of any such system is a simpliHed version designed to illustrate 
its essential properties m an economical and efficient manner We 
would expect the model to duplicate or ‘mimic’ the behaviour of the 
system. 

Models of any epidemic system may vary greatly Simple and 
uncomplicated situations may be described entirely m qualitative tenns, 
or be contained wholly within the mmd of a given mi’cstigator Afore 
complex situations will demand that the initial conditions, assumptions, 
and structure be stated more formally, usually m a mathematical form 

Let us assume wc have a population under attack by an mfection 
Hqw can, we desenhe thia by a. Ova ‘KoiiVi be ta set 

down all the facts we can possibly find out about the situation and 
attempt to incorporate these into a model Unfortunately, this 
procedure is likely to give nse to a very congested situation with too 
many variables to be adequatdy handled, even by today's large-scale 
computers A more feasible apjnoach is to begin with the simplest kind 
of statement wc can make From this very elementary model we can go 
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on to add in complexities, one at a time, as v,c become more confident 
of our infant mode! 


Structure of the Hamer— Soper models 

One such simple model was proposed at the begmning of the centurj' 
by Hamer (1906), subsequently modified by Soper (1929) and greatly 
refined by modern workers like Bailey (1957) and Bartlett (1956) 
These models, which we shall term the Hamer—Soper models, assume a 
population (P) which is split into three distmct components First, the 
susceptibles (S) who are at risk from an infection , second, the tnfecitves 
U) who have the disease and are liable to pass it on through contact 
with the susceptibles, and third, the recocereds (R) who have alrcadj 
been exposed to the infection and have recovered or who arc immune to 
It from some other cause (eg s’accination) Note that in this simple 
case we ignore the possibility of earners, individuals who appear to have 
recovered but can still pass on the disease We also assume that 
infection gives eventual immunit) and ignore the presence of non 
human vectors of disease transmission The Hamer-Soper models are 
not likely to be of help m modelling diseases like malana, but may serve 
to throw light on much simpler contagious diseases like measles 
Indeed, measles, because of its simplicity and its high rate of incidence, 
lus tended to be the classic test disease for epidemic model building 
The three basic versions of the Hamer-Soper model are shown m 
Figure 18 1 


Model I If we assume our population is sub;ect to some process of 
homogenous mixing then the number of new infections will be a 
funcDon of Sf and the infecnousncss of the disease, measured by an 
infection rate 0 Qianges occurring over time arc given b> two basic 
differential equations 


dS 

dt 




a 

dt 


*psr 


( 1 ) 


For computation purposes, we can replace these equations with simple 
sicp-by-stcp difference equations in which each intcnal of time (f> is a 
small period such as one week, vtz. 


=S, -fiS,l, 
-A 


( 2 ) 


Figure 18 2a shows a graph of the number of susceptibles falling and of 
mfectivcs rising m eharartcristic logistic curves TTiesc logistic curves 
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l^re 18.1 Scnierureof the four basic Hamer-^Sopn models. 


have been wide!) reported tn studies of culturaJ innov'aQons m human 
populations 

\fodel II Oear!} our Hnt model describes a situation in which an 
epidemic terminates only when all the populinon is mfcaed. But most 
observed epidemics bum themselves out after only some proportion of 
the population is infected. Model II takes into account the removal rare 
or recovery rate of infected persons, given by 7 (see Figure 18 lb) To 
incorporate this e:Reiision equations (1) and (2) must be modified as 
follows 


^-0SI 


dR , 


( 3 ) 
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18 2 Graphs cf fhe chiraewime paths of Models, I, II and HI «)ih 
pararneters fi, 7 , p set at the values shtnsn 


5.. , 

1.. , ( 4 ) 

«/?, + 7/, 


Tigun: 18 2b shows a graph of the \alucs of 5, 1, and R \ 1 r 71 ng over 
time. Note the chiractcnstic bcll'shapcd curve of infe««ons and the 
fa« that not all susecpliblcs arc infected Qcarly Model 11 describes 
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certain occasional epidemics which follow a simple singlc-%vave pattern 
and in which the disease must be terntroduced into the population to 
start another and separate wave This ‘closed’ version of the model has a 
characteristic trajectory when the number of mfectives is plotted 
against the numbCT of susceptibles as in Figure 18 3 


Figure 18 3 General pattern of epidemic paths ui terms of susceptibles (S) and 
mfectives (/) for Models I II and III compared to the paths of recurrent outbreaks 


Model III Can we extend this closed mode] to account for situations 
where the epidemic docs not die out? For example, measles is a 
childhood disease that does not die out in a country the size of the 
United Kingdom but flares op in major epidemics approximately every 
two years. Figure 18 4 shows the remarkably regular pattern of the 33 
major measles epidemics that have occurred in Denmark o\ er the period 
1868-1968 Clearly, we need to modify our model to attempt to 
tius skixcUVa foeeR 

One candidate for the missing ingredient in the closed model is the 
influx of susceptibles, mainly doe to births within the country The 
simplest way to convert our dosed model to an ‘open epidemic* model 
is to introduce a birth parameter Oi) so as to give fdt new susceptibles 
m time dt The first equation in our diffcrentai equations ( 1 ) must now 
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Figurel84 Recurrent epidemic H-aves Annual data for meaiJn caser in Denmark 
over a hundred year period Monthly data formeades cases in the United Sutes for 
a ten-year penod note the declminf amplitude of epidemic wives due to 
viceiflition campaigns begun in (he late 19d0s. (Source Denmark. Udgivet if 
Sundhedsstyrelsen, 1972. United States PubW Health Service. 1972 ) 


be rewTiiten- 

^ = -^1*11 (!) 

and our difference equation (2) similarly amended 

S,*, =5,-05,/, (6) 

The impact of this additional parameter on the typical perfemance 
of the model is shown in Figure 18 2c Note also the charactcrutic 
spiral form of the epidemic path (Figure 18.3c) If we follow this 
around it finally anives at an equilibrium point (S*. /•) given by the 
equations 


S* = 7/0 

/ • » p/7 


(7) 


The trajectories for the three components. 5, /, and R show the 
characteristic trait of recurrent epidemic wav a. While this is roughly in 
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accord with the observed pattern of recurrent epidemics of diseases like 
measles, these show no tendency’ to die out (see Figure 18 3d), whereas 
m our model the amplitude of the w'ates decreases until an endemic 
equilibrium state is reached Actual records show much variability in 
the length of the %va\e period whereas our simple model predicts wa\-es 
with a constant penod Later workers have been able to modify the 
model m important ways to osercome these drawbacks through 

(a) introducing chance or stochastic elements into the model, and 

(b) mtroducing seasonal variations in the mfcctivity parameter (p) to 
gi\e seasonal peaking These developments are not pursued further m 
this essay 


Spatul extensions of the model 

The simple models desaibed so far arc essentially aspatial all flows 
between S, /, and R occur within a single population Geographical 
detail can be built mto the model's smicnire in a number of ways, not 
all of which have yet been explored Here we review two lines of 
inquiry (a) interactions between separate populations, and (b) 
epidemics as diffusion waves. 

Interaettons betveen separate ‘aland popuhttons 
As a first step, let us assume our infected population is spbt mto two 
components (Pi and Fj) occupying two geoCTaphicaJly separate 
islands’ If there is no contact at all between the two populations, 
equations (3) may be solved mdependenriy for each More reaJisricaJJy , 
there will be some interaction between the two populations which can 
be built into the model by defining specific migration rates Figure 
18 Id is an extension of Figure 18 Ic and shows Model IV which 
mdudes the migration rates of suscepoblcs (0) and infcctivcs (0) 
between the two islands Movements of rccovercds are ignored smee the 
model assumes they do not affect the course of the epidemic 
Equations (3) and (5) can now be extended for the first island 

-7l. 

(Bailey, 1957, p 141) A similar pair of equations describes the 
distribunon of the epidemic over time for Sj and /, in the second 
island. Recent mathematical work has allowed extension of the 
stochastic version of the ‘open’ cpideiruc model to a senes of islands 
Although in pnnaple there is no lumt to the number of islands tbar 
could be included m the model, the fast growth m the number of island 
pans to be considered tends to lead to computational mtractability in 
practice. 
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Geographers have sho\Mi particular interest m modelling the spatial 
interaction between populations. The studies staned with Raienstcm’s 
work m the J880s on migration flows and were extended in a senes of 
‘granty’ u-pc models from the 1920s onward The heuristic form of 
these models has been replaced by an improved theoretical framework 
bj Wilson(1970) The standard form of the model is as follows 

F,,=A,0,BiD,e-^‘‘>i {9) 

IVhcre Fn is the flow interaction or interaction between the ith and;th 
locations o, is the total population to be transferred from the tth 
origin, D, the total population to be transferred to the /th destinaiion, 
andd.j IS the distance between the Ith and;ih location /l|, /?j and aare 
parameters, functions of the distance (d„), the Lagrangcan multipliers 
and an o\ erall budget constraint on the amount of transport costs 
Although such models have not been used extensive!) in epidemic 
studies, they arc clear!) of potential importance The migration 
parameters B and p in equations ( 8 ) vnJJ themsches var) over space in a 
w-a) analogous to F„ in equation (9) \\c should expect both to be verv 
high in situations where two island populations (or urban populations) 
were large and near each other conversel). we should expect both to be 
low where the twoislandpopulationsare simultaneous!) vet) small and 
remote from each other 

rpidfmicsas diffusion tor vs 

The concept of an epidemic wave moving outwards from a single source 
or several sources (mononuclear or polynuclear) has formed the central 
idea in the last twent) years of diffusion research m gcograph) The 
early Swedish work of Higcrstrand in the 1950s the subsequent 
devciopmenc of Monte Carlo simulanon models and the extension to 
forecasting is now well established 

Diffusion at an isotropic process Let us assume that our susceptible 
population S is cvcnl) dismwitcd over an area and that mfectives / are 
frcshl) introduced at a single point If we assume that the probabilit) 
of contact is im ersely related to geographic distance, then members of 
the susceptible population near to the introduction point will be 
infected earl> in an epidemic Conversel}, members of the susecpiible 
population remote from the introduction point will be infected late in 
the epidemic. Thus the epidemic will take the form of a circle 
expanding outwards from the original focus of infection 

Uc can build this concept of an epidemic as a diffusion waie b> 
changing the birth rate, 31 , m equation (5) from a constant to a 
timc^cpendcnt varuble if we assume the infection spreads at a 
constant radial vclocit) in each time period then 
M,.i » -ciZt * 1) 


(10) 
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Figure 19 S The impacc of changing parameters on the path of a Model MI 
epidemic The standard run has values of 0»OOO75, 7*050 and <1-002 
(Source Long 1974 ) 

At each time period a new ring of susccptibles at the edge of the circle 
IS added to the population Figure 18 5c shows the effect of mcro 
ducing this incrementing 'both rate’ into the Hamer— Soper model 
When compared to constant values of <i (see Figure 18 5a) the two main 
effects are (t) to decrease the wavelength of the infection cycles and (ii) 
to increase their amplitude 

In practice, we would expect the geo^phicaJ distribuuon of S not 
to be umform. Let us assume that our susceptible population is 
distributed as a bivanate normal distnbuaon and that our infection 
begins at a location somewhere on its slopes As the epidemic spreads, 
the values of p will at first maease rapidly with t but fail later on as the 
main distribution of S has been encompassed and the distant waves of 
the epidemic are extending into remote areas with progressively lower 
densities of susccptibles As Figure 18 5d shows, the impact on the 
trajectory of I in the Hamer— Soper model is complex 
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Directional vectors tn the dtffuston process the cssenuallj random 
nature of contacts in the diffusion of infection from a sin^c source 
suggests that the phenomenon may be described as a simple Gaussian 
diffusion model Let us assume an jnstantancous pomt source for an 
epidemic diffusmg m two dimensions For a source of strength Q at 
ongin (0, 0) the intensity is denoted by R <h v, t), where u, v are the 
co-ordinates of a point in space and f is the time of spread of the 
epidemic The degree of spread is indicated by the standard desaation 
(6) in the two spatial dimensions fo,, o„) If nr assume an isotropic 
situation where diffusion is equally likely in all directions from the 
ongin, then a„ = o. 

More usually it is assumed that diffusion takes place independent!) 
in the two co-ordmate directions and that there is an additional sector 
Z Operating m the a dtreciion Given these assumptions, then 


R(u, V, t) 


Q(2ff) 


-3/2 f r<U-2r)' 




(H) 


(Gustafson and Kortanck, 1972, p 31) This expression gi\-es a so-called 
‘Gausstan puff kernel’ which may assume vanous spatial forms 
depending on the relative strengths of the parameters. Figure 18 6 
illustrates a representative spread process, where = 2. o, = 1, and 



Figure 18 6 Cross tecuon through » Cttmian diffusion tpmd proem 


Equation (11) is one of a series developed in three dimensions b> 
Sutton, Pasqujl! and other meteorologists tor the study of atmospheric 
diffusion m general and poKutton distnbution in particular They are of 
some interest in the study of disease diffusion if appropnate analogies 
Can be found for the Z vector, normall) identified with mean wind 
speed m the meteorological case (There arc of course cases of 
epidemics and rpuootics where wind nu) pla) a critical part, sec 
7 mime’s 1P73 snidj of the IPS? footpad mouth epizootic in England 
and Wales.) Linking back to equation (9) mav give some clue to the 
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direction m which research may he For any area, the direction of 
maximum interaction (max F„) may be the demographic equivalent of 
the dormnant ‘downwind’ direction Where there are several strong 
interaction forces a vector resolution may be needed to determme a 
single direction 


The velocity of epidemic spread Bailey (1957, pp 143—45) has 
extended consideration of epidemics starting from a single focus and 
expanding radially to derive the limiting value for the \eIocity of 
propagation. But just how fast do diseases move through populations’ 
A classic example, the spread of the Black Death in western Europe 
between the autumn of 1347 and the spring of 1351 suggests an 
average Speed of travel of the wave-front of about 16 km per week This 
average conceals a range of vclocines in different parts of the continent, 
varying from as low as 4 km to as high as 28 km per week In practice 
direct measurement of the velocity of epidemic spread m human 
populations is likely to be made difficult by the complexity of local 
demographic factors (c g density, age structure, etc ) 

Velocity of propagation may also be measured mdircctly m terms of 
the duration of an epidemic Epidemics that are short lived may, eetens 
panbus, be expected to move faster through a population than those 
which are long-lived Some findings by Black (1966) on the spread of 
measles m island populauons are shown m Table 18 1 This plots the 
duration of an epidemic (m months) against the expected spacing of the 
susceptible population (in km) for seven islands with roughly similar 
populations Since small outbreaks were often stopped artificially by 
lo^ quarantine arrangements, only epidemics involving 100 or more 
notified cases were used m calculating extinction times Expected 
spacing (De) is calculated in the followuig manner 


Oe 


2v/sZ4 


( 12 ) 


where S is the size of the susceptible population and A is the area of the 
island m km* The 'susceptible population’ is defined by Black as the 
annual number of births less infant mortality, effeem cly the number of 
children reaching thcif fint birthday 

Despite the limited size of his sample. Black’s results show a marked 
inverse relation between epidemic duraaon and population spacing 
Epidemics appear to be much shorter on the high-density islands than 
on the low^ensity the average relationship sho\vn by the linear 
regression line suggests that with zero spacing (i e ma.ximum crowding) 
an epidemic wxiuld bum itself out in about four months in populations 
of this size range. 

An alternative approach to velocit} of propagation is through the 
concentration of cases over time An epidemic which moves swiftly 
through a population might be expected to be sharpl> peaked, many 
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oriJfm<d«4 from Rfick< I pp 208-209 
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TABLE 18 2 

Popuhtion spacing and epidetme peaking m an English county* 


Mean cbaraetenstics 

Urban 

distncts 

Rural 

distncts 

Difference 
(t test) 

Population spacing 

Coeffiaent of vanabiUcy 

0 571 

2 401 

10 108* 

All weeks 

380 

307 

1 764 

Weeks with 1 or more cases 

ISS 

142 

2 464* 

Percenuge of cases m upper half of 
weeks with 1 or more eases 

87 S 

84 1 

1 850 


’ Notified measles cases for 17 urban and 10 rural districts of Cornwall Weeks 
1966(40) to 1970(52) inclusive 
^Significant at the 3 percent level 
^Significant at the 0 1% level 

cases being concentrated into very few time periods, one which moves 
mote slowly ibtoo^h a populauoo smjVw bt to have a flatter , 

more regular distribution Table 18 2 shows the results of a test of this 
hypothesis for a single English county Measles cases were analysed for 
27 recording areas over a 222 week period Spacing of population was 
calculated by the formula in (12), using total population (P) rather than 
the estimated susceptible population (5) For each of the three 
measures of peaking shown in Table 18 2, dctecuble differences were 
found benveen the rural (Jow^ensity) and urban (high-density) areas 
Regression studies showed m each case an inverse relationship benveen 
concentration and spacing, the more widdy spread the population, the 
less peaked the incidence of cases If the regression results were found 
to hold over a svider range of population densities, they would suggest 
the existence of a spacing level at which the cases arc not concentrated 
but form a random distribution 

Further extensions 

So far we ha\e considered extremely simple extensions of the basic 
Hamer— Soper model in which spatial complexities affect the values of 
the coeffiaents (notably the 0 and si values) Although emphasis has 
been placed on symmctncal spread processes exrendmg regularly from a 
single source, other and more realistic approaches are possible Tmline's 
(1970) work on irregular spread Helds and Haggett's (1974) exploration 
of diffusion through graph structures illustrate some of the directions 
which can be followed 


Discussion 

In our concern to explore the simple structure of a model, the 
problems of actual calibration base been left on one side Uc now turn 
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to two aspects of this quesDon estimating the coefficient values and 
selecting an appropnate model 

Estmaung the model coefficients 

In the illustrations shown in Figures 18 2 and IS 5, arbitraiy values for 
the mfection, recovery and birth rates tvere chosen But to make the 
model operational in practice we need to replace the algebra of d, 7, 
and fi by specific values, le data relevant to the epidemic under 
consideration Two of the values are rclativclj straightforward The 
recovery rate (7) is specific to the characteristics of the disease under 
consideration and is a matter of ciinical obscr\ation For measles the 
average mcubation period is a fonmght and \\c might expect 7 to ha\c 
a value of around 0 5 where t is reckoned in weeks Similarlj , the bulh 
rate (p) is a matter for demographic observation and will tend to be 
proportional to P, the sire of the population under study (although 
modified by considerations of fertility, migration, etc ) 

The most difficult parameter to estimate is P, the infectiousness of 
the disease There are grounds for assuming that this 1$ partly related to 
the epidemiological character of the disease but also to the degree of 
nuxuig and contact probabiLties within the population One indirect 
methM of assessment is to use 

(13) 

where the average number of susceptibles m a population (5) is used as 
a surroptc for the equilibrium level. S* (Bartlett, 1972, p 72) 

Hamer himself suggested some i-alues for the open model based on a 
study of measles epidemics in London. iJ* 0 0000033, 7*05 and 
#1*2200 Using the formula 

A = iTT/^pfi - •Ap*~ii^y (14) 

where A is the wascicngth of the epidemic, Hamer’s lalues would gnea 
measles epidemic recurring in cycles with a waselcngth of 74 weeks or 
1 42 years This estimate is m reasonable agreement with the average 
period of somewhat less than tw’O years observed by Bartlett (1957) for 
large towns in England and Wales Such approxunations are only likely 
to be useful where a particular disease has a very regular temporal 
pattern. Over the last few yean the impact of vaccination programmes 
on incidence has tended to blur such regulamics. 

Closed or open model? 

Empincal work by Bartlett (1957) and Black (1966) throws light on 
the question of whether a ‘closed’ or ‘open’ vcnion of the model u 
appropnate. For example. Black (1966) considered the question of 
disease persistence in insular populations Using monthly measles case 
reports from 19 island communities over periods of up to 15 years he 
found breaks in the continuity of measles transmission for al] 
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communities of less than 500 000 population In terms of the 
Hamer-Sopcr model, this implies that / falls to zero in all cases where P 
IS below this size threshold 

As Figure 18 7c mdicates, there is a rough linear relationship 
between the proportion of months with notified cases and the 
population of the islands The islands of Guam and Bermuda form 
exceptions to the pattern. Their abose-avcrage proportion of months 
with notifications may be due to their large and transient militar>’ 
populations Hawau (550 000) was the only island group where 
fade^uts in measles epidemics were not recorded From the merall 
relationship we should expect the threshold population where measles 
can remain m an endemic state to be around 650 000 people In 
mterpreting the graph, it should be noted that the completeness of case 
reponing varied greatly from one island population to another 
E^imates of completeness were made by companng the average 
number of cases reported with the number of children reaching their 
first birthday, where the reponing level dropped below 6% the island 
was excluded All populations were exposed to measles mfections on at 
least four occasions durmg the 15*ye3r study period 
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Figurcl87 PopuUuon sac and the shape of epidemic pzthi (a}The relaDonship 
of spiang of measles epidemics and population size for 19 English communities 
(b) Charactemne epidemic paths for the tbtee types indicated in (a) fe) Fade-out 
of meades epidemics m relation to population size for 18 island communities. 
(Source Bartlett. 1972 Black 1966 ) 
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Black's work on insular populations is a direct extension of the 
earlier work by Bartlett (1957, 1960) on fadc^iut in urban areas Data 
for reported cases from British and American cities suggested that 4000 
to 5000 cases of measles per year were needed to prexent fade-out and 
maintain continuity of disease transmission On this basis, Bartlett 
calculated that fade-out would occur in an> city with less th^ 250 000 
to 300 000 inhabitants The contrast between these figures and 
550 000 for Black’s study may be related to the greater isolation of 
islands, reducing the frequency of reintroduction of the disease from 
outside Also, the reporting level for the Bntish and American cities was 
well abo\ e that of the island populations 

Bartlett’s findings for British aucs arc shown in Figure IS 7a These 
suggest three typical epidemic profiles, shown schcmaticallj in Figure 
18 7b The largest aties ha\e an endemic pattern with penodic 
eruptions (Type A) while cities below the threshold ha\e an epidemic 
pattern with fade-outs A distinction can be drawn between urban areas 
above about 10 000 people with a tegular pattern of epidemics 
(Tj pe B) and those where occasional epidemics ma> be missed, gtv ing a 

suggests the ‘dosed* model is indicated for smaller values of P (s > 
below 250 000 to 650 000) where / will drop to zero Above Wis 
threshold we should expect an open version of the model to m 
appropnate 


Conclusions 

In this essay, we have taken a very simple and dctcrminutic m 
epidemic end tried to see how certain geopaphieal elements might K 
built into Its structure Some limited advances have been no ’ , . ^ 

all depend on a much fuller development than has been 

Extensions from mononuclear to polynuclear diffusion mo ' » 

complex distributions of susccptiblcs, and to directional vec 


themselves vary over time, are dso indicated . . 

Two final questions of strategy remain First, vvhv do v , 

look at a simple and deterministic epidemic model '"J'" ^/!up2i,cf 
stochastic versions have been subsequently devclope 
tationalc is a pedagogic one Given the simple s , 

Ibmer-Soper model; tL effect of adding spatial ‘7 

Ume or m combinations can be rcadd> tnoft'torc -voCTicnce 

Sensitivity tests can be very simply conducted and t P 
P>ned extended where justified to the more jnore 

Second, what kinds of gams wx>uld we «pect to ^ f^rn mo e 
Jffisime geographic tuning of existing a model is a 

hcncfits would be improved prediction and contr . .. 

reasonably faithful imitation of a real wxirld system. 
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given knowledge of its past and present state, to give conditional 
cstimaics of its fiiture states. For example, a modified Hamer-Soper 
model might be used to estimate the likelihood of a major epidemic m 
one locality next month gnen what we know now about the present 
state of the system m another locality We may also use a model to ask 
what action can be taken to mfloence a system so as to achieve desired 
states. For example Tinlme (1973) used his model of probable 
directions and rates of spread around a focus of foot and mouth disease 
to suggest selective areas for quarantine measures Such efforts to 
quani^ the spatial relationships which he at the heart of a model 
throw up insights and understandings m the overall process of model 
building Itself 
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Chapter 19 


Spectral Techniques and 
the Study of Interregional 
Economic Cycles 

Leslie Hepple 


The principal focuj of applied economic and econometric analysis 
probably lies in the fields of macroeconomic model budding short term 
forecasting and fiscal and monetary policy analysis Yet in the 
disciplines of regional science and economic geography there is no 
parallel concentration on the regional and spatial aspects of short and 
medium term economic accmty Instead, research centres on the 
longer term, glacier like movements of industrial location and physical 
planning 

This essay examines some of the reasons that have prevented the 
mtcnsive development of interregional models of economic fluctuations 
and cycles, and suggests w'ays m which frequency domam or spectral 
techniques may be employed to edge round, if not through, some of 
the difficulties After describing spectral techniques and their relevance 
to the study of interregional economic cycles, illustrations are given 
from two studies undertaken by myself, fuller, technical reports of 
these studies will be published elsewhere 


Interregional business cycle models 

The basic Keynesian relationships between production, consumption 
investment, imports and exports that he at the core of most 
macroeconomic models, even id these days of 'money supply deter 
TTurns-m’ , may ia-a'iy Tcairfiy \>c extended to an interregionai economic 
system Several models have been constructed, the most notable being 
that of Airov (1963) The structure of the models is of the standard 
multiplier accelerator form For example, Airov constructs a 
multiplier pure accelerator model as an extension of Hicks’ model 



SpCCTral Technique! and Economic Cycles 393 

(1950), which IS a second-order difference model Allowing inter- 
regional trade in both consumption and capital goods, the interregional 
model 

Y(t)=(M + B)^<t- l)-BY(t-2) + S (1) 

is obtained for a set of n regions Y(t) is the nx 1 column \ector of 
regional incomes at time f, M and Barenx n mamcesof consumption 
and Capital coefficients and A is an nx 1 column vector of constant 
autonomous expenditures 

The algebraic extension of the single-region, national models to the 
muhircgional case is straightfonvard However, the multiregional 
models do not, in general, facilitate qualitative deductions about the 
properties of the s>stcm, whereas the national models do (eg 
Samuelson, 1939) and asaresult ihe emphasis in interregional models 
IS on numerical simulation to determine the nature of the tune-paths 
Airov has explored the ume-paihs of two-rcgion s>stems of typc(l), 
and van Duijn has cxtensnely used numencaj simulation to explore 
various interregional structures (van Duijn, 1972) 

For these interregional models to have practical relevance, it is 
important that the numerical coefncients correspond to those of the 
real world, and for this to be so empirical estimation is vita) However, 
there has been no econometric implementation of these mtcrrceional 
business cycle models. This omission springs from two causes (a; lack 
of relevant data-series and (b) identification problems At the sul^ 
national level there are few time-series available of income, invest 
ment, etc Where such senes are to some extent available, as they arc 
psjtully for the states of the U S A , they are annual scries, whereas for 
an interregional model data for shorter periods is nccessar> to capture 
the dynamics and time-lags of the system At the national level early 
econometric models were annual (c g Klein and Coldberger, 1955) but 
increasingly they are esnmated m quarterly (or even monthly) form in 
order to capture the dynamic effects (Duesenbmy , 1969) 

Apart from the lack of relevant data, there is the problem of 
identifying the cconomemc model This is a technical issue, the essence 
of which IS that it is not possible to estimate the interregional models 
without cither introducing arbitrary time-lags or constraining many of 
the oiefficients to be zero otherwise there is no unique set of 
estimated coeffiacnis that Tit the dau In the current state of regional 
analysis it is difficult to know how to do this the pattern of 
mtcracfions and time-lags is one of the things we wish ro find out. 

The result of these two difficulties — data and identification - has 
resulted in the separation of interregional cycle analysis and econo- 
metric model building Regional eeonometne models arc singlMcgion 
models related to the national economy, without an interregional 
component, and Klein (1969) has forcefully argued that this i$ the best 
way ar prcs«it In interregional terms the result has been either crude 
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ad boc methods for the study of particular effects (e.g studies of the 
multiplier effects of regional policy), or highly empirical studies based 
on the regional time— senes available, mainly annui employment senes 
used to chart regional cyclical amplitudes and turning-points (c g 
Engerman, 1965) More recently, attention has turned to monthly and 
quarterly data of uncmplo) ment senes, and regression methods have 
been employed to study the degree of response of regions to national 
economic fluctuations The literature is renewed in Hepplc (1974) and 
Haggett (1971) However, these methods arc by no means ideal for the 
study of direct mterregional linkages and the dctermmation of the 
time-paths of regional responses 

The problems of studymg mterregional economic cycles with these 
available indicator senes, which must be used by themselves as proxies 
for economic fluctuations, may be clanfled by settmg out a simple 
model of the interacting regional senes Consider a set of n regional 
unemployment series These regional senes interact with each other 
through the mechames of the multiplier-accelerator model and the 
relationship of level of production and the demand for labour The level 
of unemployment in region j at umc t may be represented 

yj = b,(L)y, b„(L)j„ + c,(L)x, + +CK(L)xt + Uj (2) 

where each of the b,(L) and C|(L) are vectors of coefficients in the 
lag-operator L, so that yj is a function of a whole set of lagged values of 
each endogenous senes. The whole system may be WTirten 

B(L)Y»C(L)X + U (3) 

for time t, where Y, X and U are vectors of the current state of the 
variables and B(L) and C(L) are now matrices of coefficients m the 
polynomial lag-operator L 

If the n endogenous regions complete!} fill out the national system, 
then X can only be the effects of intemaaonal trade and linkage, and, 
for the empin^ senes available, it is difficult to incorporate this term 
If, however, the n regions only map out part of the national system. X 
then represents the senes for the other regions of the national system 
The structural form (2) may then be re-arranged to give the 
reduced-form 


C(L) 


(4) 


so that each endogenous senes is specified as a function of the 
exogenous senes. 

Standard time— domain statisucal procedures are essentially designed 
for the estimation of speafic and hi^ly structured sets of relationships. 
In this instance, neither the forms of the distnbutcd lag structure m (3) 
and (4) arc known, nor the pattenung (specification of zeros) in the 
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matnccs of coefficients It is almost impossible to trace the full causal 
links m the structural form (3) It should be possible to make progress 
wth the reduced form {4), imt this is a complex and unknown 
distributed lag, and the errors, e\cn if ihcj' arc mdependent m the 
structural form, arc certainly autocorrehted in the reduced form The 
methods of Box and Jenkins (1970), based on identifying the forms of 
C(L) and B(L) by studying the auiocorrclation and cross-correlation 
functions of the senes, offer one avenue into this mare An alternative 
and more general approach, perhaps more suitable for cyclical models, 
IS to transform the analysis into the frequency-domain and use spectral 
techniques. 


Spectral techniques 

The techniques of spectral analysis consist of snidj ing the structure and 
properties of time— scries in cernts of sine-cosine wavTS with different 
frequencies The povs cr spectrum of a time— senes is a decomposition of 
the variance of ^e series into the rehttve contribulions of waves or 
frequencies of different lengths In a perfectly penodic senes, only a 
finite number of waves would be needed to explain the senes Since 
economic time-senes are not periodic in this way, an infinite number 
of wave-lengths may be neccssaiy to decompose the structure of the 
senes exactly In spectral analysis it is assumed that all these possible 
wave-lengths arc present, and the powerspecmim measures the relative 
contnbution not of individual wave-lengths but of groups of waves in a 
certain range, or frequency bands Similarly, the cross-spectrum be- 
tween two (or more) time-scnes is a decomposition of the covanance 
between the series into frequency bands together with the relative 
tuning of waves of that frequency in the two senes 
The spectrum and cross-spectrum may be estimated in several wap 
The classical method is to ^ through ^e auto- and cross-covanances 
These are often of mterest in themselves and provide a time— domain 
decomposition of the vanance structure of the senes at vanous lags By 
projecting these covariances onto sets of sine— cosine waves and 
calculating the relative amplitude of the resulting waves, the spectra 
may be estimated Sine— cosine wavies at frequenej \ maj be 
represented by the complex senes and the spectrum is then 

f,<M = (l/2»)J" c.,(l)c-'‘"dl (5) 

which, for a finite senes is 

f,(X) = (l/2ff) £ (6) 

where c,,(I) is the autocovarance at lag 1 (5) and (6) in fact 
represent the spectrum or ‘penodogram* for a penodic senes, and for a 
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stochastic series it is necessary to smooth this funcuon into frequency- 
bands, either by direct smoothing of f,<X) or through ueightmg the 
Fourier transform itself 

f,(X) = (I/21I) 2^ c„<l)%(I)e-^' (7) 

Vkhere w(l) arc tapering v-ei^is specified in various texts (Granger and 
Hatanaka. 1964, Hannan, 1970) 

A second and more recent approach avoids the necessity of 
calculating (and storing on a computer) the auto- and cross-covanances, 
by directly projecting the data-senes onto sine— cosine waves and 
assessing the relative amplitudes of these waves 

a(X) = (l/N) 2 x(m)e-a“ (8) 

II 


with penodogram 


fs(X) = 


N I a(X) 1» 

2ff 


(9) 


and the spectrum of a stochastic senes is (9), again smoothed and 
grouped into bands An excellent discussion of both these approaches, 
and others, IS given by Cooley, Lewis and Welch (1970) 

In these estimation proc^ures there are several design decisions to 
be made the number of lags of c,x(l) and the number of frequency 
bands, X, both of which depend upon N, the length of the senes, so that 
the methods are most reliable for long senes Also, since the spectrum is 
a frequency domain analysts of-vanance, the techniques will only be 
meaningful for stationary senes, te senes m which the second-order 
(variance) properties do not change over the time-period of the senes 
To satisfy this assumpaon for economic time senes it is usually 
necessary to filter the senes by various techniques known as pre- 
whitemng (see Fishman, 1969) 

The cross-spcctra may be similarly obtamed, either from the 
cross-covanances Cx,(l) and c,y(— I) 

f,r W = ^ \ c,,(i)w(l)c •*' (10) 


or from equation (8) for various series 
f„(X)=~a,(X)!ix(X)* 


( 11 ) 


where ay(X‘)* denotes the complex conjugate of ay(X) If equation 
(11) IS used this estimate must rfien be smoothed over adjacent 
frequenaes 

This cross-spectrum is a complex function (i e composed of a real 
and imaginary part) and is not itself the focus of mterpretaaon A senes 
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of derivative statistics provides a frequency-domain picture of the 
relationship between the scries The coherence between the senes at 
frequency X may be defined 


co(X) = 


|f,y(X)| 

Vfxx”(X) • f,y(X) 


( 12 ) 


and IS analogous to the correlation coefficient The phase-statistic 


0(X) ® arctan 


I - imaginary part of fg^fX) \ 
I real part of fiy(X) / 


(13) 


IS a measure of the degree to whidi the X frequency component of 
senes y is out of phase with that of senes x This may be converted into 
a time-lag at frequency X by 




(14) 


However ^(X) is only determined relative to cycle length, so that the 
time-lag could also be 


L(X) » i nX 


(15) 


where n is an integer This ambiguity is easy to resolve for phase at 
low frequencies, bur more difficult for high frequencies 
These frequency-domain statistics have the advanuge over the 
iime^lomain auto- and cross-correlations that the estimates for the 
vanous frequencies are (approximately) orthogonal or uncorrclated 
This means that m discussing the mteractions between a whole set of 
regional business-cycle series, such as equation (3), aJibough we cannot 
estimate matrix B(L), we can sqsarate out the various frequencies and 
study the correlations and time-lags betwen the regions at the chosen 
frequencies, and this cross-spectral mainx analysis is illustrated m a 
later seaion In contrast, it is extremely difficult to interpret the 
non orthogonal sets of cross-correlations 
A second advantage is that these spectral measures set out in (S) to 
(15) facilitate ready estimation of linear ^sterns under very general 
assumptions Consider an output senes or waveform, y,, which is 
viewed as the result of an input waveform going through a filter or 
linear system, plus some random noise (Figure 19 1) This process may 
be represented 


y(t)«|_ b(u)x{t-u)du+e(t) (16) 

and if y(t) is only influenced by past x-vahics, the int^ral can run from 
aero to infinity To estimate distributed lag models of ty^pc (16) it is 
*'^fessary to make many assumptions about the form of the set {b(u)) 
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and the autocorrelation structure of c(t) However by transforming to 
the frequCTicy domain the linear system may readily be estimated 
The Fourier transform 

f‘_b(u)t '»"<lu (17) 

defines the linear system m terms of a senes of regression slopes The 
transformation represented by the frequency response i(X) mvohcs two 
distina modifications an amplification or attenuation of each 
frequency component as it passes through the filter and a phase^hift 
translating the frequency component along the time axis zfX) may be 
estimated from the ctoss-spectrum as can its two components the gain 
(amplification) coefficient and the phase-shift (already defined in (13) 
and (14)) 

These techmques may be used to examine whether in the trans 
mission of economic cycles from one region to another certam 
frequency components arc beuig amplified The frequency response 
structure reflects the stability of the regional economy Unstable 
industrial structures will have responses that amplify certain Mweforms 
ivhdst stable systems will damp down the larger fluctuanons The 
associated methods of band-spcctnim regression (Engle 1974) may be 
used to test whether there are real differences in response at different 
freiquencies 

It IS also possible once z(X) b estimated from the cross-spectrum to 
use an mversc Founer transform to obtain the time-domain weights 
(Ku)) so characterising the linear ^tem in timMag and tesponsc 
terms (Hannan, 1967 1970) 

In the next section these spectral approaches to linear systems are 
employed in an empirical study of die reduced form (4) and m the 
succeeding section cross-spectra arc employed to illustrate direct 
interregional estimation. 
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Regional response estimation 

The application of these spectral techniques, and particularly response 
estimation, to the study of interregional cycles and fluctuauons may be 
illustrated from a study by Heppte (1974) 

Consider again the reduced form expression for regional unemploj* 
mcni response in equation (4) If the system represented by the 
endogenous variables is small relative to the national system, then the 
scries formed by aggregating all the external sectors will be closely 
equivalent to the national senes If, hovwer, the model is expressed in 
ilus way, the lags m the response may be negative as well as positive, for 
some of the endogenous regions may lead the national cycle, so that 
each row of (4) may be WTitten as a Imcar system as m equation (16) 
These linear systems, m both time-domain and frequency-domain, maj 
be estimated for each region by spectral techniques 

In the present case, Ae regional S)Stcm consisted of 39 local labour 
market areas covering north-eastern En^and For each of these regions 
monthly Department of Emplojmcnt unemployment returns were 
available. The period used for csumation ivas January 1961 to 
December 1966 After 1966 there is considerable evidence of shifting 
relationships m British labour markets, and these mmal estimates could 
be used as base relationships against which to test post 1966 responses 
and forecasts Because of ^e short length of the senes, the number of 
bgs and frequency bands to be established had to be kept small After 
experiment, 24 vas chosen as the number of bands All the senes were 
prewhitened by quasi-differencmg (Fishman, 1969) before estimation 
began. 

The national scries of unemployment \alues, forming the exogenous 
senes in the model, had a spectrum of the t) pical j-shape for an 
economic variable, with power concentrated in the low frequencies, 
declining to the high frequencies without any peaks indicating 
pcnodicmes (Figure 19 2) The 39 labour market regions compnsc 
several different employment structures, and as a result the speerra of 
some of the regions do not reproduce the national curve The major 
industrial regions reproduce the J-ciirve but agnculniraJ regions haie 
much flatter spectra, often with the largest power at seasonal 
frequennes. The resort zones of IVhubj and Scarborough in North 
Yorkshire have strong concentrations in these seasonal frequenaes 
These univariate ^eetra produce some evidence that the nanonaJ 
waveform is considerably altered in its impact in different regions. 
Qoss-spccira were calculated for each regional senes against the 
rutionil senes. The concentranon of power in the low-frcquenc) bands 
of the Spectrum means that it is these frequencies m the cross-spectral 
statistics that arc of greatest importance Relationships in the few 
lowest frequencies determine most of the behaviour of the senes 
The coherences between the national cycle and local areas are 
generally high, particularly at low frequencies but the graphs of 
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Figure 19 3 Spectrum of nanona) unemployment senes 

coherence against frequency show a ragged pattern and no smooth 
decline These results parallel those obtained for south is-est England 
by Bassett and Haggett (1971) Rural regions such as Hei^am, 
Ibiiwhistle ot Alnwick, tend to ha\e dips in the coherences at low 
frequencies. The phase-lag stamocs produce much greater mterregional 
differentuaon For most of the frequency bands <i(X) oscillates dose 
to zero for all the senes, but this t$ to be e.xpected as the wavelengths 
are very short and the frequency-bands of little significance In the 
important 4&-month and 24-month bands there arc quite pronounced 
leads and lags (Figure 19 3) Thus at the 48 month frequency, Weanide 
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lags the national cycle by 3 months, Tyneside lags by 1 S.Teesside by 
0 5 Ashington by 6 months, whereas Gmsborough leads by 1 o and 
Prudhoe by 4 months In general the rural zones and mdustnal zon« 
specializing in chemicals or steel manufacture lead or parallel the 
national senes, whereas the shipbuddmg and coal mining regions lag the 
national cycle 



Figure 19 4 Tyneside giin gnph 

The gam coefficients - the regression slopes at each frejnenj - 
show, as m Tigute 19 4 for Tyneside, some maeases m ■I" 
frequencies for the mam mdostiial areas, and some dip at th^ 
frequencies for the rural areas, but m general they are e^ i 
difficult to mterpret If, howerer. these spectral estimates^ 
phase arc used m an mverse Fourier transform to obtain m 
the timealomam weights Ibfu)}, Known as the impu x 

function, the different waveform fibem concsponding to diftom 
industrial structures become clear Hepplc<1974) has ° 
timodomam estimation of these weights {bCu)) P™ “ «.^n«ion 
and emtie estimates. Figure 19 5 shows the impulse 
for the Hattlepools. an mdustnal atea The ""Pb" 
non-tern for bith shon leads and lags In none of the 39 1^”™ 

^^•clghts signifiant for loi^ leads and lags, and t « moa?) 

cxisive number of pammelers (49) n being estimate lUnmn (1967) 
has shovs-n that this method is still effiaeni under estimated 

but has also developed a more general but more of 

procedure (still based on spectral estiMtion) for a . . similar 

leads and lags (Hannan, 1970) approaches p^ucri ^ 

response functions for the regions but Ac ^ number of 

The impulse response functions may be classifi 
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Figure 19 S Impulse response funcQon llartlepools 

types, in terms of (a) the total amplitude of the response, (b) the shape 
of the response-curve, and (c) the timing of the curve 
The sum of the coefficients {b(u)) represents the long-term response 
ot ‘steady-state gain', the s-alue attained by the regional senes if \ nscs 
from zero to one in a step-function and remains at this \alue The 
steady-state gam for some of the rural senes is less than one, 
representing a damping response, but for mon regions ii is greater than 
one, reflecting the instability of theemplo>’ment stnicture in northeast 
England, m some mdustrial zones it is extremely high, e g the 
Hartlcpools 4 7, Guisborough 4 8 and Wearside 3 5 
The second facet is the shape of the response curve Several idealised 
forms are given in Figure 19 6 We assume the curves are standardised 
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Figure 19 6 Idealised impulse response funcQons 
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for each to have the same Steady -State gam Figure 19 6a asimplespike 
at zero lag, represents a pure instantaneous response the filter (bfu)) 
does not alter the shape or tuning of the input waveform, but simplj 
amplifies or damps it. Only a very few of the regions arc of this type, 
such as Durham aty Nor arc any of the regions of form 19 6b, the 
delayed spike function This is interesting since most of the regression 
models of unemployment response assume either form 19 6a or 19 6b 

The curve of 19 6c represents a drawTWiut distributed lag response to 
national fluctuations with both positive lead and lag coefficients. 
Regions of this type feel the npples of longer term economic 
fluctuations before they arc reflected m the national sctics, and the 
multiplier effects continue longer than in the national economy The 
regional or output waveform bwomes more autocorreJated m its path 
through the filter, lower frequencies being differentially amplified 
Many of the regions fall into ^is group, maiidy complex manufacturing 
and heavy industrial zones such as Tyneside, Tecsside, Loftus and the 
Hirtlepools. The curves are, however, not symmetne, and may be 
skesved towards either lead (Loftus) or lag {W carstde) effects 

A rather different curve is represented by 19 6d, with negative lead 
and lag coefficients For a spike input wave this would give negative 
outputs, but for continuous, highly autocorrelated senes, such as the 
national input senes, this represents a response m which the current 
state of the national economy is emphasised at the expense of adjacent 
months the lag-structure is trying to ttaniferm the input wave into a 
higher frequency, more erratic output curve This form is typical of 
rural regions, which respond more to sudden ups and downs in the 
economy, such as a bad January and February in 1963, than to 
longer term business cycle fluctuations Finally, there are categories 
19 6e and 19 6f, which represent forms tn which the response is either 
behind or ahead of the national senes Areas of lighter manufacturing 
industry, such as Spennymoor and south west Durham have form 19 6c 
and the chemical town of Prudhoe and the steel town Consetr have 
form 19 6f 

This use of spectral techniques as a way of estimating sets of regional 
responses can also be employed on highly restneted srnicturaJ 
equations. So the output senes for a region like Darlington could be 
estimated as the result of both input waves from the national economy 
and from neighbounng Tecsside But it would be difficult to extend 
this, and an alternative spectral approach for this problem is illustrated 
in the new xcjjoa- 


Cross-spectral matnccs 

IVhibt It IS extremely difficult to model the entire network of causal 
reaction paths and waveforms between all the regions of the structural 
system, it is possible through the use of spectral techniques to build up 
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a detailed picture of the ccwarjations and lead lag relations amongst all 
the regions in the system This may be achieved by extending the 
cross-spectra previously discussed to the notion of a matrix of 
cross-spectra for each pair of a set of k regional time— series For each 
frequency-band, X, there is a k x k matrix, C(X), wth a typical element 
q](X) measuring the aoss-speetrum at frequency X between regions i 
and j If k IS at all large there arc formidable computational problems m 
estimatmg such matrices by classical methods, but the advent of direct 
Fourier transform methods has meant that large matnees focussing on 
particular frequency bands may be calculated 

From the cross-spectral complex matrix, C(X), matrices of the 
coherences and phase-differences between ca^ pair of regions may be 
derived, and it is on these that interpretation is based A small 
cross-spectral matrix was estimated by Granger (1969) m a study of 
unemployment senes at the standard region scale in the United 
Kingdom, and a large matrix (k 39) was used to trace the linkage and 
reaction-paths in a detailed network of regions ui north-east England 
(Hepple, 1974) These techniques arc particularly valuable for the study 
of historical mterregional cycles, where there is no possibility of new 
data being collected for direct modelling of mput-output or 
production consumption relations, and v^ere at present very little is 
known of links between regions Thus Granger and Elliott (1967) 
estimated a small set of cross spectra to assess the linkages between 
regional wheat pnee senes in eighteenth century England, finding 
greater evidence of interaction between the regional markets than many 
economic historians have suggested Here we dJuscrate these techniques 
from a study of trade^ycles m early Victonan England 

For nineteenth century Britain a number of mdicator senes arc 
available at a regional level to study the pattern of interregional cycles, 
such as agricultural pnee data and monetary senes (country bank note 
circulation), but a particularly valuable one is that for bankruptcies 
Gayer, Rostow and Schwartz (1953), m their classic study of 
fluctuations in the national British economy during the first half of the 
nineteenth century, found that the bankruptcy senes very closely 
followed their composite business cycle reference senes, providing a 
good barometer of the health of the economy Details of individual 
bankruptcies are given in the London Gazette for the period, and those 
for the years 1838 to 1846 have been aggregated mto monthly county 
senes and Lsted in xhe Jouttui! of tbe Stattsucal Society On the basis of 
these senes a detailed image of interregional linkage in the early 
Victorian economy may be constructed 

For many of ^e lesser agncultural counties the bankruptcy senes 
form more of a point process than the continuous senes necessary for 
the spectral techniques discussed here, the extreme case is Rudand, 
with only one bankruptcy in the penod, in February 1846 Spectral 
methods are available to incorporate many of these pomi senes, but for 
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the short illustration here, attention ts focused on the manufacturing, 
urban-commercial and mam agricultural counties, where the senes arc 
continuous 

The spectra for these county senes have the typical shape for 
economic time senes, with power concentrated m the Iow-frequcnc>' 
bands. Since these are the economic fluctuations of interest, the 
inter county cross-spectral matrix was calculated for low-fretjuency 
vanation The estimates, ai'eraged over the three lowrst frequencies but 
excluding the aero frequency, were centred on a cycle length of 35 
months All the series were prewhitcned before the estimation The 
coherency matrix for these low-frequency tydes reveals some interest 
mg linkages and the most unportant of these arc shown tn Figure 19 7 
The Midlands counties and Yorkshire arc closely incegratcd, but in the 
Northwest, Lancashire, one of the major senes, is closely linked only 
to Yorkshire The north-eastern senes of Northumberland and Durham 
are more doscly linked to the Midlands group than to Lancashire The 
two southern senes of Somersct/Bristol and London and Home 
Counties arc only weakly linked with thcmanufacrunng areas and haie 
particularly poor coherences with Lancashire and Yorkshire Certainl) 
there is evidence that the interregional economy was much less closely 
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Figure 19 7 Inter-eoonty linki *nh sqatred eoherenee* gre»tcT lh»n 0 S it 
J4-month frequency bind. 
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integrated than today, if these results are compared to Granger’s 
regional unemployment cross-spectra (Granger, 1969) 

The phase matrix provides evidence of considerable leads and lags m 
the economy Phase estimate are only reliable for highly coherent 
senes, so initially only leads and lags between closely linked regions are 
considered (Figure 19 8) For this subset the phase-differences are 
consistent, that is the estimated time-difference between two regions A 
and B does not contradiCT and is very similar to that of A -♦ C plus 
C-* B Lancashire, Lincolnshire and ^e East Midlands emerge as the 
leaduig areas, with economic fluctuations then travelling to Yorkshire 
and up into the North-East and down into Gloucestershire through the 
West Alidlands. This is consistent with Ac histoncal evidence Aat Ac 
major depression of Aese years was mainly due to a textile-led slump 
imported from Ac Uruted States and fuelled by Ac fall in home 
demand owing to bad harvests (Matthews, 1954) AlAough coherences 
are low, it would be valuable to fit London and Somerset mto Ais 
picture Coherences wA Lancashire are very low (wiA London, 
squared coherence 0 08 with Somerset, squared coherence 0 04), but are 
higgler with some other counties Somerset-Derby 0 69, I^ndon— 
Derby 0 59, Somerset-GloucesterAirc 0 47 Using Aese linkages as 
guides to the more reliable phase estimates, Somerset and London may 
be fitted mto Ac time-reactions Somerset leads London, but both 



Figure 19 8 Phue-diffcrence rxpmxd m tnd bgi m months, bssed on 
h^h coherence linkages and ben enimates 
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considerably lag behind the northern and midland counties at these low 
frequencies Gloucestershire and Wales lag Somerset but lead London 
These are only the preliminary conclusions to be draun from such an 
analysis, which may be extended in many ways, but thej serve to 
illustrate the value of spectral techniques for the study of interregional 
systems. One particular Mtension is worth noting The coherencj' 
matrix may, like a normal correjaiion matrix, be used in a cluster 
analysis to provide a regionalisanon, or as a basis for muliivanatc 
techniques such as principal components analysis The more dominant 
the pnncipal cigcnrauc of the coherency matrix is, the more closely 
integrated is the interregional q^tem one component or ‘reference 
cycle’ can explain most of the varuoon If cross-spectral matrices for 
different timc-penods are compared in this way, the changing degree of 
integration of the space— economy should be revealed Tlie coherency 
matrix clearly contains no phase information, but multivanatc anal) sis 
mcorporating leads and lags may be undertaken on the complex 
cross-spectral matrix C(X) in ways similar to those for real symmetric 
matrices (Bnllinger, 1969, Hannan. 1970) This allows detection not 
only of the importance of the ‘spectral reference cycle’ but also the 
leads and lags of mdividual regions with respea to it An example of 
this technique is given in Hcpple (1974) 

Conclusion 

These spectral methods have not resulted in the estimation of the 
structural system of equation (}). still (ess a full interregional economic 
model That was not to be expected What they do achieve is deeper 
poietration into the structure of relations that go to make up such a 
system They illuminate facets of mtenegtona] economic cycles that are 
left hidden by both time-domain regression analysis and b> rraditionaj 
descriptive methods. The illustrations given here, regional response 
estimation and cross-spectra! matrex analysis, represent only two 
possible applications, and the recent development of spectral methods 
for a variety of model-structures (Hannan and Nicholls, 1972) suggest 
that they have many other possibilities for mtcrrcgional anal) sis It is to 
be hoped that these spectral techniques, together wath other 
approaches, will lead to a greater focus on short term monitoring of the 
space— economy m regional science and economic geography 


REFERENCES 

Airov J (1961) Th« conitrucoon of bwewgionilbuwnrK cycle moJfU Jountjl 
o/RtgiofulSeience 5 1-20 

lUisrtt K, A. ind P Higgcti (1971) *Tow»rd* ihori term forecutiof for eydicil 
behaviour in a re(K>nai «)'rtefn «f cirn, ut M Oiifhotm A. E. Prey and F 
(Edi.) Rfftora! ll*tien»t>nh, )89— 41J 



408 Processes in Physical and Human Geography 

Box. G E P and G At Jenkins (1970) Time Smes. foreeastjng and Control. 
Holden Day 

BnUinger, D. R. (1969) ‘The canonical andysis of stauonaiy senes', in P R 
Knshnaiah (Ed.) Multnarute Afutlyx II, Aademie Press. 331—50 
Cooley, J W , P A W Lewis and P D Welch (1970) 'The application of the fast 
Fouriei transform algontbin to the estimation of spectra and cross-speetta', 
Jourrat of Sound and Vibration 12,339—52 
Duesenberry, J S (Ed)(1969) The Brookmgt Model some further renlts.Bxid 
McNally 

Engerman, S (1965) 'Regioral a^as of stibilieation policy’, in R. A. Wu^rave 
(Ed ), Essays tn Focal Federalism, Brookings Instinition, 7—62. 

Engle, R F. (1974) 'Band spectrum rtgressioo', International Economic Renew, 
IS, 1-11 . 

Fishman, G S (1969) Spectral Methods m Econometrics Harvard University 
Press. 

Gayer, A. D , W. W. Rosiow and A. J Schwartz (1953) The Grovitb and 
Fluctuations of the Bntab Economy 1790— tSSD, Qarendon Press. 

Granger, CW J (1969) 'Spatial data and ome senes analysis', in Scott, A.J 
(Ed ), Studies in Fegionat Science, Pion. 1—24 
Granger, Cll J and CM Elliott (1967) *A fresh look at wheat pnees and 
markets in the eighteenth cennify'. feonoimeHirtoiy Renew 20,257—65 
Granger, CW J and AL Hatanaka (1964) The Spectral Analysts of Economic 
Time Series, Pnneeton Umvenity Press 

Kaggett, P (1971) 'Leads and lags in t«te^Teglonal systems a study o( cyclic 
nucruations in the South West economy’, in Oiisholm At and (3 Alaitners 
(Eds.), Spatial Policy Problems of the Braab Economy, Cambndge Universicy 
Press, 69-95 

Hannan, E. ] (1967) The esdmatioo of a lagged regression relation’, Biometrtka, 
54 409-18 

Hannan £ J (1970) 4fi//rip//TiineSene» Wiley 

Hannan, E J and D F NichoUs (1972) The estimation of mixed regression, 
autoregression, movir^ average, and discnbuted lag models', feoROmernea. 40. 
529-547 

Hepplc, U W (1974) Econometne Esnmation and Model Buddmg Ktib Spatial 
Senes, unpublished Fh.D thesis, Univenicy of Cambridge. 

Hicks, J R. (1950) A Contnbution so the Theory of the Trade Cycle, Qarendon 
Press. 

Klein. L. R. (1969) The specification of regional econometric modeW, Papers and 
Proceedings of tbe Regtowl Science Assocutum. 25, 105—115 
Klem L.R.andA.S Go!dbciger(1955) AnEconometncModeloftbeUnitedStates, 
1929 7952, North Holland PubltshingCompany 
AUtthews, R. C O (1954) A Study in Trade Cycle History, Cambndge University 
Press. 

Meyer. R. A. (1972) ‘Estimating coefllocnis that change overtime’, /nremanona/ 
Economic Renea, 13, 705—710 

SimueUon, P A. (1939) ‘Interarnons between the multiplier analysis and the 
principle of acceleration'. Renew of Economics and Statistics, 21, 75—78 
van Duijn, J J (1972) A» Interregional Model of Economic Fluctuations, 
Lexington Books. 



part VII 


Postscript 



Chapter 20 


The Department of Geography, 
University of Bristol, 1925—75 

Ronald Peel 


It IS sn interesting and perhaps a significant, reflection that m Dntain 
major wars seem to stimulate an interest m Geography as a subject 
wrthy of serious study Lagging well bchmd Germany and Trance, in 
the period snor to World War I Britain offered facilities for the stud> 
of Geography at only two of its universities London and Oxford Its 
acceptance at other univcrsittes came in the early 1920s, apparently 
largely in response to the demand from reruming ex Service men who 
had no doubt experienced something of its value under severely 
practical conditions. A somewhat comparable boom m the popularity 
of Geography followed World War 11, m the great expansion of higher 
educaaon that occurred in the 19505 and 3960s. Today, a degree m 
Geography can be taken m over 40 of Britain’s universities and 
polytechnics, and about a thousand students graduate m the subject 
each year Through the post war expansion period Geograph) has 
consistently maintained a high pbee among all subjects m the number 
of university applications received, and has expenenced a considerably 
greater proponiorute expansion m higher education than many other 
subjects with longer univcmry roots With the current growing 
awareness of the interdependence of all counines and peoples, of the 
progressive depletion of terrestrial resources, and of the growing 
dangers of environmental deterioration, there seems to be linle 
likelihood of the demand decreasing and althou^ the tradicionil 
subject matter of Geography u now b«ng studied at least in part under 
newr UMs like ‘Environmental Saence, it remains vet) central to 
nun's interests. In this concluding duptcr, a bnef summai) is given of 
the history of the subject in the Unnmity of Bristol 
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Ongins of the university 

Public interest m a local centre of higher education in Bristol goes back 
to the early eighteenth century with fitful attempts to introduce 
medical educauon m the city The passmg of the Anatomy Act of 1832 
found nvo recognised Medical Schoob already in existence m Bristol, 
which were thereupon combined into one Subsequent years saw the 
emergence of proposals for a College of Literature and Science for the 
West of England, proposals which eventually resulted m the foundation, 
in 1876, of the University College of Bristol, with which the existing 
Medical School was incorpotatcd tn the early 1890s Thus strengthened 
the University CoUegc applied for and received its Royal Charter in 
1909, to become one of the small number of new Cmc Universities In 
1959 It celebrated its Jubilee, having by this time grown to accom 
modate some 3000 students Today this figure has expanded to about 
6500 a growth which has created severe problems of congestion in the 
mid city site to which the University has adhered Among the 
Universities and comparable institutions in Britain, Bristol thus appears 
in the middle ranks in both antiquity and size Its original civic 
character is still apparent m its relationships with the city, and in its 
legacy of dignified stone buildings in the Gothic style, but growth has 
inevitably transformed the University into a national institution, 
drawing students from all parts of Britain and from many countries 
overseas 


The introduction of geography 

Like a number of other British universities, Bristol mtroduced 
Geography in 1920 placing it mitully under the care of the 
Department of Geology, but makmg it available in the Faculty of Arts 
as well as the Faculty of Science W W Jervis B Sc (later D Sc ) 
Dunelm, was appointed to teach the new subject m collaboration with 
members of the Geology staff, among whom Professor S H Reynolds 
played an active part Professor Reynolds, the first holder of the 
Channmg Wills Chair of Geology, was keenly mtcrested m the new 
subject, and it was largely owing to his encouragement and help that it 
blossomed so well that in the session 1924—25 the University decided 
to establish a separate Geo^phy Department and to mtroduce 
honours degrees in the subject, ai^ablc m both its Faculties Jervis was 
appointed Lecturer m Charge, with O D Kendall to assist him Jems 
had been only 28 when first appointed, he remained in Bristol until his 
retuement m 1957, being elected Reader in 1926, and Professor in 
1933 when a Chair of Geography was instituted For thirty-seven years 
Jervis thus directed the fortunes of Geography at Bristol, and its steady 
growth owed much to hiS wise guid^ce and personal standing It 
equally owed a great deal to O D Kendall, who also spent hts whole 
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uorkinf Irfc in Bnstol after a de^ee course delayed b> service in World 
War I S J Jones, now recently renred from the Chair of Geography at 
Dundee, joined the initial nudeus of staff in 1927, and P Pilbin in 
1934, he being succeeded after three years with the Department by 
F Walker At the outbreak of World War II, the total staff thus 
numbered four 


The groivth of the department 
IP25~J9 

In harmony with the modest pre-war size of the University and the slow 
tempo of change, the new Department of Geography remained small 
throughout this period its limited staff, like those of other departments 
of the period, had to work hard to cover all the necessary teaching 
benveen them. The first class graduated in 1 927 and through the 1 930s 
the annual student intake was about one doien. Accommodauon was 
severely restricted, being limited to a few rooms in one of the older 
University buildings, cheek fay jowl with Geology and Anatomy, but 
the Department iud the distincnon of being allotted the onginal 
Council Chamber of the University* together with the former 
Registrar’s Office and the former Strong Room, rooms which, in- 
cidentally, It still possesses, Uie degree curriculum in these early days 
presented a fairly normal mixture of ^temauc and regional courses, 
but the arrival of Kendall witnessed a strong development of gcomor 
phology together with the introduction, as a third year option (the only 
one), of a more advanced course in topographical surveying Thus 
Cambridge, whence Kendall had come, and Bnstol were the only two 
universities offering such a course, with the result that prior to the 
1950s the majority of Survey Officers m the vanous Colonial Survey 
Deportmena had received tbcir training at one or other of these 
centres. Professor Jervis taught regional courses and the history of 
discovery, Jones speaaltsed in economic geography, and Walker m 
historical geography An intenrsncig feature of the penod was the 
development of collaboration with the Faculties of both Law and 
Medicine the former because Professor Jervis was a barrister as well as a 
geographer, gave lectures m die Law faculty, and arranged for his 
students to attend a course m International Law The records do not 
I'W'cd. sh/t vAUK <K cT-tent. of coniacrawub. tbe. Faculty' 

the intcrweavmg of accommodation with the Anatomy School may 
have had something to do wjib it Small staff numbers and hca%% 
teaching loads left little time m this penod for research, but Jervis 
published a book entitled The HorfJ in Mjps (1938) Kendall some 
papers on his physiographic researches on the Somerset coast, and 
Jones papers on subjects of local economic geography 
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1939-45 

The v.’ar years saw the Bristol Department, like others, stnpped of most 
of its staff, Jervis being away for much of the period m vaned 
employments, Kendall commanding a Survey Regiment in the Army, 
and Walker joimng the RAF in photo-intelligencc. The inckle of 
students merged with those of Ku^’s College, London uho were 
evacuated to Bristol under the charge of Professor S W Wooldndge 
The University, including the sccaon housmg Geography, suffered 
severe damage in the airraids on Bristol, one of the present Depart 
mental buildings (then occupied by Anatomy) being gutted by fire 
After repairs, lodgement was given m the basement rooms of the South 
Building to the Spelaeological Society with its important library and 
collection, a site which it still occupies. 

1945-57 

The early post war years witnessed a period of high pressure Student 
intake jumped with the return of ex Service men and women, and with 
the influx of those whose university careers had been postponed by the 
war, while no sooner had this ‘bulge’ passsed through than the rapid 
expansion under the Robbins Plan be^ Jervis, Kendall and Walker 
returned from the wars, but were hard pressed, and new appointments 
had to be sought to cope with the rapidly rising numbers F G Morris 
(historical and regional mterests) joined m 1946, together with P G 
Hanneli (climatology), A M Graves (r^onal geography and surveying) 
m 1948 J W Birch (economic geography) m 1950, A E Frey 
(geomorphology and, later, economic geography) in 1952 and L F 
Curtis (pedology and aenal photography) in 1956 By the end of this 
period the staff had thus grown to ei^t (having lost Morns by death m 
1952), but the annual student intake had nsen to 30 or more, giving a 
student total, including those taking General degrees, of over 100 The 
degree curriculum remained without major changes and the pressures 
of teaching so large a number continued to restnet post-graduate 
developments and staff research- Nevcnheless, by the tunc that the 
British Assoaation for the Advancement of Science met m Bristol in 
1955, research was actively under way m a number of fields, some in 
conjunction with the Univci5it> s Reconstruction Research Group and 
the Nature Conservancy Internally, despite the acquisition of some 
extra space from the Geology Department on its removal to other 
quarters, accommodation continued to be a pressing problem 

1957-75 

In 1957 Professor Jervis retired, and R. F Peel was appomted to 
succeed him In 1959 Kendall also retired, and, as Jones had left Bristol 
in the war years. Walker remained the only representative of the 
pre-war staff, other than H Frekc, theOiicf Techiuaan D Ingle Smith 
replaced Kendall, but the continuing growth m student numbers 
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brought v.nih u an accompanying growth in staiT, and m the period 
1959-69 nine additional posts were acquired, bringing ihe teaching 
Staff to Its present strength of 17 A second Qiair tvas created in 1966 
and filled by the appointment of P Haggett, while M D 1 Chisholm, 
who joined the Deparrment in 1965 and was elected Reader m 1967, 
was given a personal Chair in 1972 The present staff of the Department 
IS displayed m Tigute 20 1. which also loctodcs all teaching staff smee 
the establishment of the Department Additional to the full time staff, 
the single Demonstratorship held m 1957 had been increased b> 1970 
to five, student intake increased from about 30 each year to the current 
level of between 60 and 70, and the solitary research student in 
residence in 1957 has been replaced by a group which in any one j ear 
now averages between 20 and 25 Cbrrcnt supporting staff compnse 
two Administrative Assistants, one Secretary', and seven Technical staff 
The Deparrment has thus rather more than doubled in size since 1 957, 
and could have expanded much more but for continuing constraints on 
both Departmental space and student residential aeeommodarion As 
regards the former, plans for a complete new building agreed in I960 
had then fo bedefemd for lack ofasufaibleamhbIesite,andare}er 
to be implemented Howeser, the rehousing of two adjoining Depart* 
ments. Anatomy and Chermstry*, offered opportunities during this 
period for substantial space accessions, and the Department now 
possesses total space teasonabty adequate fot its present numbers, 
although severe pressures remain m some sectors Some parts of the 
Department have been thoroughly reconstructed The accommodation 
currently available totals some 2300 m* of working space, including a 
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substantia] Departmental Library (started in 1958) and a suite of 
speciaLst laboratones m addition to normal teaching laboratories and 
lecture-rooms, technical staff quarters, and secretarial and staff rooms 
Equipment has been budt up to a satisfactory level for both teaching 
and research, and includes two field vehicles, a range of electronic 
calculating machines and a P D P 1 1 remote job entry computer facility 
to supplement smaller insmiments and the terming to the University 
Computer 


Developments in die academic field 

In the academic field several changes and developments deserve 
particular mention. 

Facvlty position 

Early in the period 19S7— 75 the connections with the Faculties of Law 
and Medicine were terminated, while in 1966 the University decided to 
divide Its former large Arts Faculty by separating off appropnatc 
Departments to constitute a Social Sciences Faculty Geography elected 
to move into the latter, so that it is now equally in Science and Social 
Sciences First degree students enter one or other, but m the present 
degree structure ^ey may, after the first year of study, and without 
change of Facult} , speoalise in other the physical biological or the 
human-social aspects of Geography Both Faculnes award the B Sc 
degree 

First degree eumculum 

The curriculum for the fust degree has been revised twice smee 1957 
The first revision, in the late 1950s, replaced virtually all the existing 
regional courses with courses organised on a systematic basis, and 
re-built the third year of the Honoun course to compose two 
compulsory courses (Regional theory and Political geography) together 
with three opnoiul specialisms selected from a range of seven The 
second revision, maoduecd in 1965, was more radical Students 
entering in both Faculties now take a common first-year course in 
Geography on a sysiemanc basis (physical geography, human 
geography, technology and envuonment, plus 10 hours laboratory work 
a week) which takes two-thifds of Aeir time, together with an 
appropnatc second subject according to Faculty (one-third) On 
completion of the first year they ake no further supporting subjects 
but are offered a choice of three two-year programmes in Geography, 
one specialising almost ennrcly in physical biological geography, a 
second with an equal speculisauoix ui social and economic geography, 
while the third offers a combination of selections from both the first 
two, plus appropnatc additions, for those who do not wish to 
speculisc. A sound grounding in statistical methods was built into the 
new first-year course and more advanced methods arc used in 
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subsequent years, while the physical biological specialisation incorpo- 
rates a considerable amount of laboratory and field work Field-camps 
are conducted, at home and abroad, in the first year, and for the 
physical biological group m the second Topographical surveying, for 
uhich the demand has markedly declined, remains as an available 
option in the third year m subsutution for certain other courses 

Additional to the above curriculum for the Single Honours degree, 
which IS available in both Faculties, the Department collaborates with 
other Science Departments in offering Joint Honours degrees m Botany 
and Geography, and m Geography and Geology Various special courses 
arc provided for students taking these degrees, whose entry numbers 
must be currently restricted to a maximum of 10 for each course Some 
12 to 15 Science Faculty students also attend the first-year course as a 
supporting subject for their mam studies. 

The cumculum for the Single Honours degree which requires 
students to undertake a substantia) individual study m the second 
summer vacation, and also one or more individual pieces of project 
work dunng the third year, was decided upon in the belief that it was 
time that Geography began to concentrate on developing a more 
thorough and advanced knowledge of $cle«ed parts of this very wide 
subject, together with a more thorough traming in technioucs and their 
application. The innovation has provM popular with students and itis 
interesting to note that cumculain various other universities have been 
modified m the same direction Experience has shown that about equal 
numbers select the three options available 

ResearcA 

The period since 1957 has been marked by a great increase m research 
activity Over SO post-graduate students have completed M Sc or Ph D 
degrees m this period, and a high pcrccmagc of them have proceeded to 
posts m other universities m Ontam or overseas Several research grants 
have been secured, from the S S R C, N E R.C and from other sources, 
various research symposia have been organised by the Department, and 
most of Its teaching staff have undertaken overseas visits, etcher for 
research purposes or to cake Up shorter or longer teaching invitations ar 
other universities 


Gacvdttsww 

The period from 1920 to 1975 has witnessed not only the physical 
growth of the Department but also an important shift in emphasis. 
Budding on the foundations laid in the inter-w-ar period the past 
twenty years have seen the development of considerable research 
actmty on seirral fronts and mud) of this research is closely linked to 
the teaching programme The present volume manifests this change by 
presenting a collection of essays that, as indicated in the Preface, report 
original work and/or review developments in an active research field 



